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InttTodaetion. 

The purpose of this book is to aid pupils in the study of the principles under- 
lying mechanical drawing. It is not intended to make the study easy, for the pupil 
cannot be benefited in that way. For that reason, though the drawings are made 
sufficiently accurate to serve as illustrations of the text, they are not so accurate or 
complete as to permit their use as fiat studies to be merely copied without disclosing 
the copyist's ignorance of the principles intended to be taught. Nor are the ex- 
planations made so full and complete as to relieve the pupil of the necessity of 
thinking. In short, *this book by its text and illustrations, will enable the earnest 
pupil to study the art and get a firm grasp upon the principles of projection, but 
it will be of no use to the careless pupil who seeks to skim over his studies and 
make nothing more than a show of understanding. 

The subject is presented in a way that is likely to be interesting, and the 
problems set are of great practical value. The study is not an easy one — if it were 
it would be of less value than it is — but those who give it serious attention will 
soon find that what at first seemed hard to understand has become quite simple, and 
that they have been prepared by a thorough mastery of principles to understand 
and make the most complex mechanical drawings. This is the end in view. Copy- 
ing from flat drawings is useful only as an exercise with the pen and other instru- 
ments ; the mastery of the principles of projection gives the pupil the key to 
original work. 

John S. Rooke. 

Philadelphia, September 1902. 



OtfthoQPmphie PiTojeetion. 

Our first illustration is intended to show what is meant by orthographic projec- 
tion ; the pupil will hereafter have to imagine these planes represented by glass. 

In Fig. h we have a rectangular prism placed within a case of plates of glass 
upon which the projections of the prism are made. These plates of glass represent 
the planes of projection, and can be revolved about the axes a b and b c, until all 
are in one plane as in Fig. b, which is called the plane of the paper, h** is called the 
horizontal plane, a' the front vertical, and f the side vertical. Suppose c'' to be 
revolved about b c until it is in the same plane as a', and that C and a"" are revolved 
about a b until they are in the same plane as h*', then we have Fig. b. 

The projections from all points of an object perpendicular to these planes of 
projection are called orthographic projections. The projection on h** is called the 
top or plan, on a'' the front elevation, and on C the side elevation. It can readily be 
seen without any reference to the planes that these views are arranged as common 
sense would suggest, bringing the top to the top, the front to the front, and the 
side to the side. 

In the illustrations the small letters h and v are used with all other letters to 
indicate in one case the horizontal and in the other the vertical planes. 



Conventional Shade Lines. 

The light is assumed to come from the upper left hand comer of the drawing 
at an angle of 45 degrees to all horizontal and vertical lines. 

This method is very simple and easy to remember, inasmuch, as in every view 
of the drawing of an object, the bottom and right-hand side of each plane surface 
which is visible are shade lines. 

These lines always lie between the arrows which are drawn parallel to the 45- 
degree line. 

Fig. A. — ^This is an illustration of external shading of a cylinder. Draw 
the circle, then, with the same radius, and a point on the 45-degree line as a center, 
and about j^j^ or ^^ of an inch from the original center, draw a semi-circle which 
will give the desired shading. 

NoTB. — ^This center should be on that part of the 45-degree line that lies 
between the original center and the upper left-hand comer of the drawing, for 
external and internal shading. 

Fiff. B. — This is an illustration of internal shading of a cylinder, and is 
done in tne same manner as the cylinder in Fig. A. 

Fig. G. — This is an illustration of external shading of a prism of 4 sides 
when two of the sides are parallel to the 45-degree line. 

Fig. D. — This is an illustration of external shading of a prism of 4 sides 
when a diagonal of the prism is parallel to the 45-degree line. 

Fig. £j. — ^This is an illustration of external shading when one view shows 
two, or more dimensions. A cylinder should be shaded in like manner. 

Fig. F. — This is an end view of Fig. E, and illustrates external shading. 
The inner polygon represents the extension on the right of Fig. E. Cylinders are 
shaded in like manner. 

Fig. G. — This is an illustration of external shading of a prism. Cylinders 
are shaded in the same manner. 

Fig. H. — This is an end view of Fig. G, and illustrates external and 
internal shading. The outer polygon illustrates the external, and tbe inner polygon 
the internal shading ; the latter being an end view of the hole shown in Fig. G by 
the dotted outline. The same rule is applied to cylinders. 

Fig- I. — This is an illustration of external and internal shading of a hexa- 
gonal prism when two of the sides are parallel to the vertical plane. 

The outer polygon illustrates the external, and the inner polygon the internal 
shading, and signifies that the surface of the inner polygon is below the surface of 
the outer polygon, or a hole the entire length of the prism. 

Fig. J. — ^This is an illustration of external shading of a hexagonal prism 
when two of the sides are parallel to the front vertical plane. The inner polygon 
illustrates a surface that is above the surface of the outer polygon. 



DpsLVUing Instiraaients. 

ComptSSi — ^The compass, as shown, is used for drawing circles and arcs of circles 
in pencil or ink. It should always be opened and closed with one hand, nor should 
both hands be used to place the needle point at a point on the drawing. 

A pen is provided for drawing circles in ink, which fits into the same socket as 
the pencil holder B. 

In drawing circles, the compass should be handled by the upper portion with as 
kittle pressure as possible ; as the weight of the instrument is sufficient to keep the 
needle point in the paper. 

The points should always be kept perpendictdar to the paper, especially when 
drawing circles in ink, therefore each leg is jointed as shown at B and C. 

The needle point P, has a square shoulder at the lower end from which a fine 
points projects as shown in the figure ; this shoulder will resist any reasonable 
presstu-e, and is intended to prevent large holes from being made in the paper. 

The lengthening bar is used for drawing circles of large radii, and fits into the 
same socket as the pencil holder. 

Tht Hair-Spring Dividori — This instrument is used for dividing lines or circles 
into any number of equal parts, also, for transferring distances. 

When in use it should be held between the thumb and index-finger and rotated 
in opposite directions. 

The alternate movements will cause it to remain between the thumb and finger. 

The lower part of the leg, on the right of the illustration, is attached to a 
steel spring, which is fitted into a groove in the upper part of the leg, and secured 
to it at the upper end of the groove. 

The lower end of the spring is drilled and tapped to receive a small thumb- 
screw, as shown. The spring is so arranged, that if the thumb-screw be turned 
from right to left, this leg wiS move toward the other leg, thereby, decreasing the 
distance between the legs. 

This arrangement gives to the point a very refined adjustment, which makes 
it very useful for spacing gear teeth, and any work, where great accuracy Is 
required. 

Tilt Ruling PMi — This pen, as shown in the figure, is used for inking in lines 
other than ciraes or arcs of circles after they have been drawn with the pencil, and 
should be held as nearly perpendicular to the paper as possible, with the axis of the 
adjusting screw D, perpendicular to the edge of the T-square, or whatever may be 
used for a guide, and the third and fourth fingers resting upon and moving along the 
guide toward the right. 

If the pen is held so that the point of one blade touches the paper, lines that 
are ragged on one edge will be the result. If it is held so that both points touch 
the paper, and is in good condition, lines that are smooth and clean-cut on both 
edges will be produced. 

Bow Dividori — The bow divider is used for spacing and transferring distances 
of I inch and less. 

Bow CompaSSa — ^The bow compass is used for drawing circles or arcs of circles 
in pencil, whose radii are i inch and less. 

TIlO Bow Pon^ — ^The bow pen is used for inking in circles and arcs of circles 
whose radii are i inch and less. 

Boom Compass- — ^^he beam compass is an instrument for drawing circles and 
arcs of circles, in pencil or ink, of radii that exceeds the range of the compass here- 
tofore described. 

This compass consists of a wooden bar and two metal heads which can be 
clamped to the bar at any point in its length. 

One of these heads is provided with a pencil holder and pen, and t^e other 

with a needle point. 

After the heads have been set as close as may be to the required radius, the 
final and exact adjustment is made by the nut H. 
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Drauiing Boated and Triangles. 

One of the two triangles in most general use has two angles of 45 degrees 
each, and one of 90 degrees, right angle, and is known as the 45-degree triangle. 

The other triangle is known as the 30 x 60-degree triangle, and has one angle 
of 30 degrees, one of 60 degrees and one of 90 degrees, right angle. 

Triangles may be used to draw lines that are parallel to each other. Place any 
edge of triangle B so as to coincide with a given line, or points, and bring the edge, 
of greatest length, of triangle A into contact with one edge of B as shown ; hold A 
stationary and slide B upon A. 

To draw a parallelogram or any similar figure. Place the edge, most suitable, 
so as to coincide with a given line, or points, and bring the edge, of greatest length, 
of C in contact with D ; hold C stationary and slide D upon C. Use the upper edge 
of D for the long lines and the right-hand edge for the short lines. 

To obtain 15 degrees. Bring the head of the T-square in perfect contact with 
the edge of the drawing board ; bring the lower edge of triangle £ in contact with 
the edge of the T-square and place F as shown. 

The 45-degree triangle is shown in position for drawing lines at an angle of 45 
degrees. 

Place the 30x60 degree triangle in the position shown to draw vertical lines, 
and lines that are at an angle of 60 degrees to the edge of the T-square and 30 
degrees to a perpendicular. 
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General Instraetion. 



The drawings should be made on sheets of paper 17 x 22 inches with margin 
lines y^ inch from the edge of the paper, which will make the measurement inside 
the margin lines 16x21 inches. The paper should be fastened on the drawing 
board with thumb tacks. One in each comer will be sufficient, care being taken to 
have the paper put on the board square, and as tightly stretched as possible. 

The T square should be used with the head against the left edge of the drawing 
board (unless the person is left-handed) and the pencil be sharpened to a flat point, 
similar to a thin wedge, and always kept sharp. The pencil for the compass must 
be sharpened in the same way. 

The drawing and compass pens must also be kept sharp and perfectly clean. 
Never lay them down or put them away without first cleaning them. A small piece 
of chamois is very good for this purpose. 

All horizontal lines should be drawn with the T square, and all vertical lines 
with the triangle set against the upper edge of the T square. 

All drawings should be made in pencil first, with as much care as though they 
were not to be inked. If a drawing is not penciled accurately and neatly, it cannot 
be expected to be neat after it is inked. Do not leave superfluous lead pencil lines 
on the drawing, but erase all except those to be inked. 

The drawing having been finished in pencil, proceed to ink in. Fill the draw- 
ing pen with ink ; then on a small piece of paper, the same as that used for the 
drawing, try the pen until it makes such a line as is desirable for the work. Then 
with the straight edge about ^^ inch from the pencil line on the drawing, proceed 
with the inking, holding the pen as nearly perpendicular to the paper as possible. 
The pen should always be tested on the extra piece of paper, after filling, before 
it is used on the drawing. 

All lines forming the object should be black ; all construction and dimension 
lines, fine red. These red lines are shown on the plates by two dots and one dash, 
but on the drawings they are to be full lines. The center lines should be fine blue 
lines. They are shown on the plates by one dot and dash, but on the drawings are 
to be full lines. Any part of the object outside of a cutting plane will be drawn 
with a long and short black dot. 

All arcs should be inked first, as it is easier to draw a straight line to an arc, 
than to draw an arc to a straight line. 

All figures and arrow points should be made in black ink with a fine writing pen. 
An Esterbrook, No. 11 70, is a good pen for this work, or a Gillott, No. 303. 

The shape of a draughtsman's scale is such that when it is laid on the paper, 
the lines forming the divisions of the scale will come down to the paper, which 
enables the draughtsman to mark the dimensions directly from the scale. Dimen- 
sions may thus be marked off more quickly and accurately than by setting the 
dividers to the scale, and besides that the scale is thus preserved from being injured 
by the shatp points of the instruments. 
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Plate 1. 

Fig. 1 represents full black lines to be drawn ^ inch apart. The pupil will 
be careful to draw them oS accurately and ink in carefully . 

Pig. 2 represents full black lines to be drawn to the measurements given, 
using care to have them accurate. 

Pig. 3 represents lines which the pupil will lay off to the measurements 
given. The first three lines represent a fine black line as used in drawing. The 
next three lines show how fine a red or blue line should be drawn. The first and 
last of the three should be drawn in red, and the middle one in blue. The next 
three lines represent shade lines, and should be drawn in black. The next three 
represent a fine black dotted line. The next three represent long and short dotted 
lines, and will be used to indicate parts of a figure which are cut off. 

Pig. 4 is an exercise in section lining to represent cast iron, and is to be 
drawn in black. 

Pig. 5 represents wrought iron. The section lining is to be in blue, three 
lines being drawn then a space left, followed by three more lines and a space, and so 
on until the drawing has been finished. 

Pig. 6 represents steel. It is to be in blue, and drawn like Fig. 5, except 
that the middle line should be dotted. 

Pig. 7 represents brass, and the section lining is to be done in red, with two 
lines instead of three, and a space. 

The lines forming the outlines of all of these figures will be in black ink. 
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Plate 2. 

Fig. 8. To bisect a straight line. liet a b be the straight line ; then with a 
and b as centers, and any radius greater than one-half of a b, draw the two arcs c 
and d. A line through c and d will bisect a b. 

Fig. Q. To bisect an arc of a circle a b c. Join a c with a straight line, and 
proceed as in Fig. 8. 

Fig. 10. To draw a tangent to the arc of a circle when the center is not 
accessible. I^et a be the given point upon the given arc d a c. Lay off equal 
distances upon the arc from a to c and to d. Join c and d. From d as a center, 
and radius d a draw arc a g ; then with the same radius and a as a center, draw arcs 
d b, c e. Then make d b and c e equal in length to g a. A straight line through 
the points thus found will be tangent to a. 

Fig. 11. To erect a perpendicular to a line a b from a point a or near its 
end. With a as a center and any radius, draw the arc d c. With d as a center and 
the same radius cut d c in c. With c as a center and the same radius, draw an arc 
over a. Then draw a line through d and c, producing it to intersect the last arc in 
e. A line from a to e will be the perpendicular. 

Fig. 12. To divide a straight line a b into any number of equal parts, say 
four. Draw a c at any angle with a b, draw b d parallel to a c. With any distance 
as a unit, lay oS on the lines from a and b as many equal spaces as the number of 
parts required. Join 4 b, 3 e, 2 f, 1 g and a h. 

Fig. 13. To bisect any angle as a b c. With b as a center and any radius, 
draw a c, then with a and c as centers and any radius greater than one-half of a c, 
draw arcs intersecting in d. Draw b d. 

Fig. 14. To construct an angle equal to a given angle e b c. Dray any line 
as d f . With b as a center and any radius, cut the sides of the given angle in c 
and e. With d as a center and the same radius, draw arc f g. With c e as a radius 
and f as a center cut arc f g in g. Join d g. 

Fig. 15. To describe an angle of 30° and 60°. From a, with any radius 
draw the arc c d, and from c with llie same radius cut it in d, let fall a perpendi- 
cular d b ; then cad equals 60°, and a d b equals 30**. 

Fig. 16. To divide a circle into twelve equal parts with the T square, and 
30® X 60® triangle. Draw a b with the T square. Next draw e e with the short 
side of the triangle on the T square, and the next longest side directed to the center 
of the circle. Draw c c and g g with either of the longest sides of the triangle on 
the T square, and the other directed to the center of the circle. Draw d d and f f 
with the shortest side of the triangle on the T square, and the longest side directed 
to the center of the circle. 

Fig. 1 • . To draw this square draw the circle first, then with the T square 
and triangle draw horizontal and vertical lines tangent to the circle. 

Fig. 18. To draw a hexagon with the T square and. triangle. Draw the 
circle first, then with the 30® x 60® triangle and T square, draw lines tangent to the 
circle. 

Fig. 19. To draw an octagon with the T square and triangle. Draw the 
circle first, then with the 45° triangle and T square, draw lines tangent to the circle. 
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Fig. 20. To draw a pentagon upon a line, as a b. Draw b c perpendicular 
to a b, and equal to one-half of it ; produce a c until c d is equal to b c. From a 
and b, with radius b d draw arcs cutting each other in e ; then from e with radius 
e b, draw circle a f b. Line a b is equal to one side of the pentagon. 

Fig. 21. To draw an approximate ellipse. Let a b be the major axis and 
c d the minor axis of an ellipse. With a' as a center and radius a' d, draw arc d e. 
Join d b. Make d f equal to b e. Bisect b f by a perpendicular, intersecting d c 
in h. g b will be the radius for the ends of the ellipse, and h d the radius for the 
sides. Make a" c' equal to a" g, and a" c" equal to a^ h. 
Plato 2. 
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Fig. 22. To draw an ellipse. Let a b be the major axis and d c the minor 
axis. With d as a center and radius g a, draw arcs cutting a b in e and f which 
are the foci. Between g and F take any point as h, and with f and t as centers and 
radius h b, draw arcs as at a^ b" d" c^, then with the same centers and b a as a 
radius, draw arcs intersecting those first drawn. Take any other points between 
g and F and repeat the operation as is shown. Through the intersection of these 
arcs draw the curve of the ellipse. 

Fig. 23. To draw an ellipse from two concentric circles. Draw two circles, 
as a b, c d, diameters of which are respectively lengths of major and minor axis. 
Divide the circle a b into about twelve equal parts, and draw radial lines. The 
intersection of the horizontal and vertical lines drawn from the radial lines wilt 
give points in the curve of the eUipse. 



Plated. 

Fig^. 24» To make a mechanical drawing of a block 4" high by 3" wide and 
i^" thick. 

Note. — When an object revolves parallel with a plane, its projections on that 
plane are in their true length, but when it makes an angle with the plane, its pro- 
jections on that plane will not be in their true length. Therefore the first view of 
the object must be on the plane with which it is parallel, but as all the views in 
Fig. 24 are parallel with all the planes, we can draw any of them first. In a case of 
this kind, however, it would be well to draw the top or plan first. 

Then let g** g** and T f^ be the axes about which the planes of projection revolve. 
Draw the plan to the dimensions given. Project a" to a^ in the front elevation and 
produce it to b', making a^ b' 4" long and project d"* to d' produced to c'. Connect 
a' d^, c' b^, thus completing the front elevation. "Now project a** to f, and e* to d, 
in f' f'. With center g and radius g f, draw the arc f c ; now with the same center 
and radius g d, draw arc d a. Then c projected to the side elevation and intersected 
by the projection of the top of the block a' d' in the front elevation, will locate a^ 
in the side elevation, and a" produced to intersect the projection of a will g^ve c''. 
The projection of the bottom of the block intersected by the projection from c and 
a, will give b'" g". Connect the points and complete the drawing. 

Fig. 2&. This is a drawing of the same block inclined at an angle of 30^ 
with the side vertical plane. Here it will be oblique to the horizontal and side ver- 
tical planes, therefore we cannot draw either of these views first. But as it revolves 
through this angle it remains parallel with the front vertical plane, therefore it is 
on this plane we must draw the first view. Having found which plane to draw on 
first, proceed to draw the block in full as shown in the front elevation. Then lay 
off the thickness in the plan and side views to the dimensions given, and from the 
comers in the front view project to the plan and side views, as a' to a*", and b* and 
a' to a" and b'''. Follow the instructions of Fig. 24 and complete the drawing. 

Figs. 26 and 27 represent the same block in different positions and are 
drawn by the principles illustrated in Figs. 24 and 25. 
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Plate 4. 

Fig^. 28 and. 20 are drawings of a block to be drawn as shown from the 
instructions on Pigs. 24 and 25, plate 3. 

Fi^. 30, This is the same block revolved so as to make an angle of 15^ 
with the side vertical plane. But a' b' in this revolution will remain the same 
distance from the front vertical plane, therefore it follows from what has been said 
respecting Fig. 25 that the front elevation must be drawn first. Make a' b', Fig. 30, 
equal to a' b', Fig. 29, at an angle as shown. Then make a^ T, Fig. 30, perpendicular 
to a' b^, Fig. 30, and equal to a' T, Fig. 29. The distance a"" g', etc. , is equal to a^ g', 
etc., Fig. 29. From these points draw lines parallel to a' b', also from b' parallel to 
a' r. To draw the plan: From T, c^, etc., project fine lines which will pass 
through f*, c**, g^, a"*. Now take the distances from the axis g^ g^, Fig. 29, to c"*, f*, 
a", g*" and lay off these distances from the axis g** g*". Fig. 30, on the lines already 
projected. They will locate the corresponding letters in Fig. 30, and the points 
being connected will give the top of the block. The bottom is found in the same 
way. The side elevation can be projected from the views already drawn if c^ be 
projected to the axis T f, and from the intersection of T T with g^ g^ as a center, 
we revolve c** to g* g* and project c** down until it intersects c', projected from the 
front elevation, and thus locate c""' in the side elevation. All other points are 
located in the same way. 

Pig. 31. In this figure the block makes an angle of 15® with the front ver- 
tical plane. From what has already been said we see that the side view must be 
drawn first. Draw c"" e" at an angle of 15** and equal to C e". Fig. 30. Then 
draw a perpendicular c d and also a perpendicular a b from c'' e". Fig. 30, about 
midway between c"" e^'. Make the distance from c^' e" to a'' b", etc., measured on 
c d equal the corresponding distances in Fig. 30. The distances from c d to c^' a^', 
etc., are the same as from a b to t" sJ', etc. Fig. 30. Project f^ c"", etc., to the 
front view and make the distance from T f to T c^ etc., in the front view, Fig. 31, 
the same as from f" T to f" C, etc., in the front view. Fig. 30. The bottom is found 
in the same way. The top view can be projected from the front and side views 
as the side view was projected in Fig. 30. 
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Plate 6. 

tAll big things are made up of a number of little things assembled. This is true regard- 
less of si:(e. Therefore, the big things cannot be done unless we are able to do the 
little thirds. How important it is then, that the little things should be remembered, 
to thinh differently is deceiving one's own self, which is the worst deception any 
person can be guilty of Be honest with yourself , then with a purpose in view 
followed diligently, there is no reason why any person should not succeed. The big 
things a man can do, is governed by the number of little things he has to assemble. 

iPigf. 32« This is a drawing and development of a vertical cylinder, 2}i 
inches diameter, and cut by a cutting plane which intersects the axis 2 inches above 
the base. To draw this cylinder : Draw the line a* b"*, which will be the trace of a 
central vertical plane parallel to the front vertical plane of projection. Also, draw 
the line f^ T, which will be the trace of a central vertical plane perpendicular to the ^ 
front vertical plane of projection. The intersection of these planes will be the axis 
of the cylinder. From the intersection of these planes as a center, and with the 
compass set to a radius of i^ inches, draw the circle as shown. Then draw the 
base line c^ c"", and vertical projecting lines tangent to the circle cutting the base 
line in the points c"" and c"". Lay off from the base on T f 2 inches, and through 
this point draw the line d"" d', at a angle of 45*^ to the axis of the cylinder, which 
will be the trace of the cutting plane. If the top of the cylinder be projected upon 
a plane, parallel to d"" d^, the true size of the section of the cylinder will be obtained. 
To do this it will be necessary to pass a number of auxiliary planes. These planes 
should be vertical, and parallel to the front vertical plane of projection. To do 
this, divide the circle in the plan, into, say 12 equal parts, then, through these 
points draw traces as shown, which will be the traces of the auxiliary planes. 
Also, from these same points and parallel to f" T, draw projecting lines to the front 
elevation as shown. At any convenient distance, and parallel to d' d', draw the 
line c** d**, which will be a trace of the central vertical plane a** b**. Now draw the 
vertical line e' e', which will be a trace of the same central vertical plane. Next 
draw traces the same distance from c^ d'' and c' e', as the traces in the plan are 
from a"* b**. Then projections from the points in the front elevation, where the 
traces on the surface of the cylinder, intersect the trace of the cutting plane to the 
corresponding traces in the auxiliary view, and side elevation, will give points 
through which to draw the curve. The base in the auxiliary view is drawn in the 
same manner. See the indications. 

To Draw the Dkvku)pment : Draw the line e g, the length of which is 
equal to the diameter of the cylinder multiplied by 3. 1416. As the circle is divided 
into 12 equal parts, this line must be divided into the same number of equal parts. 
From each one of the points thus obtained erect perpendiculars as shown, and make 
their height equal to tihe corresponding line in the front elevation. Through the 
points thus found draw the curve, and thereby complete the development. 
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Auxiliary planes may be talcen in any position, yet for simplicity and clearness, 
they should be in such a position as to cut straight tines, or a circle from the cylin- 
der if possible. Any plane which is parallel to the axis of a cylinder will cut the 
surface in straight lines, and any plane which is perpendicular to the axis will cut 
it in a circle. Any plane which passes through the apex of a cone will cut the 
surface in straight lines, any plane which is perpendicular to the axis of a cone, 
will cut the surface in a circle, and any plane which is oblique to the axis and cuts 
opposite sides of the cone will cut the surface in an ellipse, which should be avoided 
if possible. 

PlKtoS. 





Fi^. 33. This is a drawing and development of a vertical hexagonal prism. 
By observing the letters in the plate, and the explanation of Fig. j2, there should 
be no difficulty experienced in making this drawing. Therefore, after a word about 
the development it will be left to the pupil. Take the length of one side of the 
hexagon from the plan, and lay it off six times on the line c d, which will give the 
length of the development. The pupil should bear in mind that the distance any 
line or point is to the right of the central vertical plane in the side elevation, is the 
same as the distance the same line or point is in the rear of the central vertical 
plane in the plan ; and all lines or points to the left of the central vertical plane in 
the side elevation are the same distance, as the same lines or points are in front of 
the central vertical plane in the plan. This is a general statement, and should be 
remembered. 



Plate 6. 

Fig. 34. This is a drawing of a vertical cone to the dimensions given, 
drawn to locate the points c and b. Draw the plan and front view first. Then 
drew d' d parallel to the side of the cone, which is a trace of the central vertical 
plane f* g**. Draw the line b^ a' perpendictdar to d' d to intersect the plane of the 
base of the cone at a"", and project aJ to the plan as at a^. Draw a*" c^ tangent to 
the base of the cone and project c^ to c^. Draw the ellipse of the base in tbe 
oblique view as instructed in Fig. 32, plate 5. Project c^ to c and b, and b' to d^. 
Draw c d' and b d^ 

Fig. 3&. This is a drawing of a hexagonal prism to the dimensions given. 
From what has already been said, the pupil should have no difficulty with this 
Irawing, and should be able to do it without further instructions. 

Fig^. 36. This is a drawing of a vertical pyramid with a pentagonal base, 
cut by a cutting plane as shown. Draw the pentagon as instructed in Pig. 20, 
plate 2. Then from each comer in the base draw lines to the center, which are the 
comers of the p3rramid. Now draw the front and side elevations of the pyramid, 
and in the front elevation draw the trace of the cutting plane as shown. If the 
points where the comers of the pyramid intersect this trace be projected to the 
corresponding lines in the plan and side elevation, all of the points will be located 
except r, which may be located as indicated in the figure. 

Pig. 37. This is a drawing of a vertical hexagonal pyramid, cut by a 
cutting plane parallel to the front vertical plane. No difficulty should be experi- 
enced in working it out as the work is similar to Fig. 36. 



24 



Plata 6. 



Figr.3-* 




Fig>.35 




Fifir.36 




■Fig.37^i£ 








I II I I I 



n 



-± kl 



Plate 7. 

Figf. 38. This is a drawing and development of a vertical pyramid with a 
hexagonal base, cut by a cutting plane as shown. Draw the plan, front and side 
elevations, and the trace of the cutting plane in tht^ front elevation, and proceed as 
instructed in Fig. 36, plate 6. The true form of the section made by the cutting 
plane passing through the pyramid is found as follows : At any convenient dis- 
tance from the cutting plane, and parallel to it, draw the line a b, which is a 
trace of the central vertical plane a^ b**. From the points in the front elevation 
where the comers of the pyramid intersect the trace of the cutting plane draw 
projecting lines as indicated. All the points in this auxiliary view are the same 
distance from a b, as the corresponding points are from a" b", as C 67 is equal to 
c^ d^. All other points are located in the same manner. 

To Draw the Development : From f as a center and e' g' as a radius draw 
the arc c a e. With g*' d" as a chord, step three times each side of a. Join these 
points by straight lines ; and from the same points draw straight lines to f. From 
the points in the front elevation where the comers of the pyramid intersect the trace 
of the cutting plane, project to e' g' as indicated in the Fig. Take the length e'' t 
and lay it off from f on the lines f e and f c, and thus locate b and g. Make f h 
and f h' equal to e^ b^, and locate the remaining points in the same manner. 

Fi^. 39. This is a drawing and development of a vertical cone cut by a 
cutting plane as shown. Draw the plan, the front and the side elevations, and in 
the front elevation draw the trace of the cutting plane as shown. Also draw the 
auxiliary view on a plane parallel to the cutting plane. We have now to pass a 
number of auxiliary planes in order to determine points on the line of intersection 
of the cutting plane with the surface of the cone. This may be done as follows : 
Divide the circle of the base in the plan into twelve equal parts, and lines drawn 
from these points to tlie center will be traces of vertical planes which pass through 
the apex of the cone. From where these traces intersect the circle of the base in 
the plan, draw projecting lines to the base in the front elevation, and lines drawn 
from' these points to the apex will be traces of the same vertical planes ; also make 
projections to the side elevation and auxiliary view as indicated, draw the traces as 
shown and proceed as in the case of the pyramid, Fig. 38. 

To Draw the Development : . With the length of the side of the cone as 
a radius, draw an arc, also a center line as shown in the development. The length 
of this arc is equal to the circumference of the base of the cone and may be 
measured by stepping off on this arc the divisions in the plan, that is the arc v v is 
equal to the arc h h, and so on. From these points draw lines to the apex. Then 
from where the traces in the front elevation intersect the trace of the cutting plane 
project to the outside line of the cone and proceed as in the case of the development 
of the pyramid, Fig. 38. 
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Plato 7. 




Plate 8. 

Fi^. 40* This is a drawing and development of a vertical cone, of the 
dimensions given, cut by a plane parallel to the base. From what has already been 
said the pupil should be able to make this drawing without further instruction. 
The development is similar to the development in Fig. 39, plate 7. 

Fig. 41. This is a drawing and development of a vertical cone of the dimen- 
sions given, cut by a vertical plane ^ inch in front of the axis. The section in the 
front elevation made by this plane will be bounded by a curve, and in order to find 
this curve we must pass auxiliary planes. Draw the plan, front and side elevations 
in full, and draw parallel to the axis in the plan and side elevation and % inch from 
it, c*" e"* and c"" a^'. c*" c** is a horizontal trace of the cutting plane, and c^' a" is a 
vertical trace of the same plane. From the point where the trace c"" a" intersects 
the side of the cone project to a"^ and thus locate the highest point in the curve. 
We are now ready to pass the auxiliary planes, which for accuracy in the construc- 
tion of the curve should be horizontal as shown by the traces in the front elevation. 
Locate any number of points as i, 2, 3, etc., and through them pass the auxiliary 
planes. From where these traces intersect the side of the cone in the front eleva- 
tion draw projecting lines to the trace of the central vertical plane in the plan as 
indicated. Through the points thus located describe circles which are traces of the 
same horizontal planes. From the points where these circular traces intersect the 
trace of the cutting plane project to the corresponding traces in the front elevation 
as indicated. Through these points draw the curve, which is a h3rperbola, and is 
the true shape of the section of the cone, made by the intersection of the surface 
of the cone with the trace of the vertical cutting plane. A hyperbola is a curve 
formed by a section of a cone, when the cutting plane makes a greater angle with 
the base than the side of the cone makes. If the cutting plane is parallel to one of 
the sides of a cone, the curve formed by the intersection of the surface of the cone 
with the trace of the cutting plane, will be a parabola. 

To Draw Ths Dev^ix>pmsnt : The best way to do this is to pass a series of 
vertical auxiliary planes. Locate points in the base as h*", g**, etc., and project 
them to the front and side elevations, and draw the traces as shown. Then from 
where these traces intersect the trace of the vertical cutting plane in the side eleva- 
tion project to the side of the cone as indicated. With the indication in connection 
with the explanation of Fig. 39, plate 7^ the development should be completed 
without difficulty. 
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Fig. 42. This is a drawing and development of a vertical cone of the 
dimensions given, cut by a cutting plane, which is parallel to one side of the cone, 
and intersects the base, one inch from the central vertical plane. Draw the plan, 
front and side elevations in full. In the front elevation draw the trace of the 
cutting plane as shown, and pass a series of auxiliary planes as instructed in Fig. 
41. Prom the points in the front elevation where the traces of the auxiliary planes 
intersect the trace of the cutting plane project to the corresponding circular traces 

Plate 8. 







in the plan, and thus locate the points through which to draw the curve. In the 
side elevation, the distance from the central vertical plane a' b' to the points in the 
traces of the auxiliary planes through which the curve must pass, are equal to the 
distances which the corresponding points in the circular traces of the corresponding 
planes are from the same central vertical plane a" b* in the plan. Proceed with the 
development as in Fig, 41. 

Fig, 43 is similar, and should be drawn without difficulty. 



Plate 0. 

Fig. 4:4* This is a drawing of a vertical cone of the dimensions given, cut 
by a cutting plane as shown in the front elevation. Draw the plan, front and side 
elevations in full. Now draw the trace of the cutting plane, and at any convenient 
distance and parallel to it draw the trace a b. If any difficulty should be experi- 
enced refer to Figs. 41 and 42, plate 8. The ellipse in the auxiliary view is the true 
shape, made by the intersection of the surface of the cone with the trace of the 
cutting plane, because it is on a plane which is parallel to the cutting plane. 

Fig. 46. This is a drawing of a vertical cone, intersected by a horizontal 
cylinder whose axis intersects the axis of the cone i}i inches above its base. Draw 
the plan, front and side elevations in full, excepting the cur\^e of intersection which 
is to be determined. The curve of intersection of any two solids may be deter- 
mined by passing a series of auxiliary planes through the two solids. As already 
explained any plane which is parallel to the axis of a cylinder will cut it in straight 
lines ; and any plane which passes through the apex of a cone will cut it in straight 
lines. Draw lines as shown in the side elevation, which will be the traces of planes 
passing through the apex of the cone and parallel to the axis of the cylinder. 
Be sure to draw a" b and a"" a^" tangent to the cylinder. When the axes of the 
solids intersect — as they do in this case-r-the spaces a"' i, etc., should be equal 
to b r, etc. From where the circle intersects these traces, draw horizontal lines as 
shown on the surface of the cylinder in the front elevation. Now project b to the 
circle of the base in the plan and thus locate b** and c". Draw lines from b" and c^ 
to a. Project b** and c** to the base in the front elevation and thus locate b' and c"", 
also draw lines from b"" and c' to a"". The lines a' b"", a' c', a b*" and a c" are the 
traces of a plane which passes through the apex of the cone, and tangent to the 
cylinder. The point where the trace a' b^ on the surface of the cone intersects the 
trace made on the surface of the cylinder by the same plane, will be one point in 
the curve, as at f. Then f projected to the corresponding trace in the plan, will 
locate the point in the plan, as at f*. In like manner locate the remaining points, 
and through them draw the curve of intersection. 

Figf. 46. This is a drawing of a vertical cone, intersected by a horizontal 
cylinder, the axis of which is J^ inch in front of the axis of the cone, and i^ 
inches above the base of the latter. Further explanation is unnecessary, as the 
work is similar to Fig. 45. 

Fig. 47. This is a drawing of a vertical pyramid with a square base inter- 
sected by a horizontal cylinder as shown. The curve of intersection of these two 
solids may be determined by passing a series of vertical auxiliary planes as shown 
in the side elevation. Draw the vertical trace k j tangent to the cylinder. The 
spaces j 1, 1 i and i r may be equal or unequal, it is better, however, to make them 
unequal as shown. If the divisions are equal, some of the divisions on the circle 
will be exceedingly long, and others exceedingly short, which will make some of 
the points in the curve of intersection very far apart, and others very close. This 
should be avoided if possible. 
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Plate 9. 




Plate 10. 

Figf • 4S. This is a drawing and development of a vertical cylinder inter- 
sected by two horizontal cylinders, as shown. After all the views have been drawn 
in full, divide the circle at the right (which is the end view of the horizontal 
cylinder) into, say twelve equal parts, draw lines as shown and make the projections 
to the plan and front elevation as indicated in the plate. These lines are traces of 
vertical planes parallel with the axis of the cylinder, and will cut the surface of the 
cylinder in straight lines. The traces of these vertical planes having already been 
drawn in the plan and front elevation of the horizontal cylinder the next thing to 
be done is to project the points where these traces intersect the vertical cylinder to 
the traces of the same vertical planes in the front elevation, which will give the 
points through which the curve of intersection must be drawn. After the above 
explanation there should be no diflGiculty with the one on the left. 

To draw the developments of these cylinders one has simply to unroll their 
surfaces until they are in one plane as shown in the plate. Suppose the vertical 
cylinder begins to unroll at c"*, then c" will be at c' in the development, and h*" at 
h^, and g^ at g"", and f*" at f ^ and d** at d'', and b"* at b', and so on all the way round 
the cylinder to c** where the start was made. Draw traces from each of these 
points which will be in the same position as they were before the surface was un- 
rolled. The points of intersection upon these traces through which the develop- 
ment of the intersection is drawn, are the same distance above the line c* d as the 
corresponding points are above the base of the vertical cylinder in the front 
elevation. The horizontal cylinders will be left for the pupil without further 
explanation. 

Fig. 4:Q. This is a drawing and developments of a vertical cylinder inter- 
sected on the right by a cylinder whose axis makes an angle of 45^ with the axis 
of the vertical cylinder ; and on the left by a horizontal cylinder which is tangent 
to the vertical cylinder. In a case like the one on the right where the axes of the 
cylinders are oblique to each other, the auxiliary planes should be parallel to both 
axes. They will cut both surfaces in straight lines. 

With the lines and letters which are shown in the plate, the pupil has all the 
information necessary to finish the drawing. 
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Plate U. 

Fig. 60. This a drawing and development pi a. horizontal cylinder inter- 
sected by two vertical cylinders as shown. 

With some study of this plate in connection with the explanation of plate lo, 
there should be no difficulty experienced with this drawing and the developments. 
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Plate 12. 

Fig. &!• This is a drawing and development of a vertical cylinder cut by 
a cutting plane which makes an angle of 60^ with the central vertical plane. This 
plane intersects the top of the cylinder in the axis, and is at such an angle as to 
intersect the base i inch from the axis, a" d^, is the trace of this plane at the top, 
and c*" f ^, is the trace at the base. Divide the distance between the traces in the 
plan into, say two equal parts, and draw the trace b^ e^. Divide the height in the 
front elevation into the same number of equal parts and draw the trace b^ e^. Make 
projections from the plan to the front and side elevation as indicated by the letters. 
This vertical cylinder is also intersected on the left by a horizontal cylinder, the 
axis of which is }( inch in front of the axis of the vertical cylinder. This is 
drawn in the same manner as instructed in plate 10. 

To draw the development. If the cylinder in the plan be divided into twelve 
equal parts, one of these parts taken and laid off twelve times on a straight line will 
give the length of the development. By referring to the letters, there should be no 
difficulty in completing the development so far as the right hand side is concerned. 
Remember that the width of the spaces in the opening for the horizontal cylinder 
on the left is equal to the length of the arcs in the plan, as v v is equal to the arc 
h h in the plan and the remaining spaces in like manner. 

Fig. 62. This is a drawing and development of an inclined cylinder, the 
axis of which is at an angle of 60^ with the horizontal plane, the base and top 
being parallel with the horizontal plane. 

This cylinder is also intersected on the left by a horizontal cylinder as shown. 
To draw the development of this inclined cylinder. Draw the development as 
previously instructed except the opening for the horizontal cylinder. The develop- 
ment having been drawn it will be seen that the top and base have developed into 
curves of which v v, g"" v v, is the one for the top. Then it will be seen that the 
length of the arcs in the plan between the sides of the horizontal cylinder, one of 
which is h h, must be laid off on this curve to obtain the points through which to 
draw the traces from which to determine the opening for the horizontal cylinder. 
V v, and v v, are each equal to the arc h h, continue with the others in like manner. 

The pupil should have enough ingenuity to finish the drawing. 
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Plate 13. 

Fig. 63. This is a drawing and development of a vertical hexagonal 
pyramid intersected by a horizontal cylinder. Draw all three views in full first. 
Divide each side of the base in the plan into four equal parts. From these points 
draw lines to the apex, these lines will be the traces of planes passing through the 
apex of the pyramid and parallel to the axis of the cylinder. Project these same 
points to the base in the front and side elevations, and draw lines from these points 
in the base to the apex. These lines will be traces of the same planes, and their 
intersection with the cylinder in the side elevation will be points to project to the 
corresponding traces in the front elevation and plan. 

To Draw thb Dbveix)pment : With b"" h" as a radius, and b'" as a center 
draw an arc. With one side of the base in the plan as a chord step off six times on 
the arc. Connect each one of these points with straight lines, and also, draw lines 
from the same points to the apex. These lines are equal in length to b"" h"", and 
are the comers of the pyramid. If the points where the lines which represent the 
corners of the pyramid intersect the cylinder be projected to b'' h^', the distance 
from b'' to the points found by projection will be the distance to lay ofiF on the 
corresponding lines in the development from b^". On account of the curve in the 
development it will be necessary to draw lines in the development midway between 
those already drawn, which will be the same as the traces in the plan midway 
between the comers, b" h"" is the true length of the comers, because it is parallel 
to the plane on which it is projected, therefore b' e' is the true length of b** e** and 
all other lines midway between the corners. If the points where the curve of 
intersection intersects these traces in the front elevation be projected to b"" e^, the 
distance from b^ to the points found by projection will be the distance to lay off on 
the corresponding line in the development from b""'. 
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Plate 14. 

Fig. 64. This is a drawing and development of a vertical hexagonal 
pyramid intersected by a horizontal cylinder. The axis of the cylinder is parallel 
to both planes of projection, and ^ inch in front of the axis of the pyramid. 
Draw all three views in full, and proceed as instructed in Fig. 53, plate 13, except 
the trace a^' b^', which is tangent to the cylinder in the side elevation, a*" is the 
same distance from the central vertical plane as a"" is from T'. The point c"" can be 
located by drawing a line through the center of the cylinder and perpendicular to 
gjf Y^xf Then if it is projected to the traces of the same plane in the front elevation 
and plan c'' and c** will be located, g** c** is the distance that c'" is from b^", and 
is found by making g*" b** equal to c' T and perpendicular to b** a"*. Further instruc- 
tion is unnecessary as the work is similar to Fig. 53, plate 13. 
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Plate 15. 

Fl^. 56. This is a drawing of a vertical pyramid with a triangular ba^, and 
the front" side making an angle of 15° with the front vertical plane, intersected by a 
triangular prism with its axis parallel with both planes of projection, the front side 
making an angle of 15^ with the front vertical plane a^d drawn to the dimensions 
given. If we use the line f g', which is the top comer of the prism, as the trace 
of a cutting plane, it will give a triangular section in the plan as a*' b** c**. Where 
the traces of this section intersect the line f g** (which is the same comer of the 
pri^m) will be points of intersection of the two solids, because f g^ and a*' b*" c*" are 
in the same plane, and these points d"* e** projected back to T g', will give the points 
d"" e'' in the front elevation. All other points are found in the same way, except where 
the left comer of the pyramid is cut. Use the line forming the comer of the 
pyramid as the trace of a cutting plane, and where it intersects the lines of the 
prism project to the corresponding lines in the plan, which will give a section of the 
prism in the same plane as the comer of the pyramid is. Where the traces of this 
section intersect the comer of the pyramid will be the required points of intetsec: . 
tion, and if projected back to the front elevation, will give the points there. The 
pupil should study these principles, as he will have many cases of their alpplication. 
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Plate 15. 
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Rate 16. 

Fi^* 50. This is a drawing of a vertical pyramid with triangular base, 
making an angle of 15® with the side vertical plane, intersected by a triangular 
prism, the axis of which is parallel with the vertical plane, }i inch in the rear of 
the axis of the pyramid and making an angle of 30^ with the horizontal plane. 
The bottom side makes an angle of 15** with the horiozontal plane. The intersec- 
tion of these two solids can be found in the same way as Fig. 55, plate 15, but there 
are other ways, and it would be well if the pupil would use other lines as traces of 
cutting planes. Suppose we use the hne a*" b^ as the trace of a cutting plane. 
Where that trace intersects the base of the pyramid in the plan it should be pro- 
jected to the base in the front elevation, and where the same trace intersects the 
front comer in the plan it should be projected to the corresponding line in the front 
elevation. Draw traces from that point to the points already found in the base, and 
where these traces intersect a^ b^ will be the required points of intersection, because 
they are in the same plane. If the pupil will have patience to find one point at a 
time in making these drawings, any of them should be handled without difficulty. 
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Plate 17. 

F^ig. 57. This is a drawing of axes or center lines oblique to both planes of 
projection, about which any solid may be drawn very readily. Draw b'' b', which 
will be the trace of a horizontal plane ; then f f perpendicular to b' b"" and a'' c* at 
the desired angle (45^) with the horizontal plane, making it of any convenient 
lengtli Jonger than the length of the object to be drawn. Draw also c"" c** any con- 
venient length. Now draw c* a, making the desired angle with the front vertical 

i plane. From a** to h'' draw a line perpendicular to c" a and g' c' parallel to c** a, 
and any convenient distance from c*' a. Then c*' e' must be parallel to a** h'. 

I Make g^ h' equal to the vertical distance that c' is from b' b'. Draw d' d' through 
h' and parallel to g' c^, which will be a trace of the horizontal plane b' b'. Now 
draw a line from h' to c'', ipvhich will be the true length of the axis a"" c"", and will 
also be a parallel view of the £^s. Here we must draw the object first in its true 
size. The line f T may, for convenience in drawing, be equal to c'' c**. If c"" c** be 
produced to intersect a horizontal from a*^ as at b, then the distance c^ b, laid off on 
c^ r produced as at c. and projected to b"" b*, will give T, and T r is a side view of 
the axis. 1 

Fig. 68. This is a drawing of a solid inclined to both planes of {)rojection 

as shown. The axis must be drawn in full first, as instructed in Fig. 57. If it is 

true that the distance g' b' is equal to the vertical distance from c'' to b' b', it is 

[ also true that the vertical distance from c"" to any point in the front or side views is 

[ equal to the distance from g' 6^ to the corresponding point in the auxiliary view, 

1 taken perpendicular to g"" e'- Draw the auxiliary first as shown. The top view 

^ can be projected from the auxiliary view, and the thickness taken from the end 

view. The front view can be projected from the top, and the vertical distances of 

all the points found as already explained. The side view is not shown, but mu^t 

be drawn by the pupil. It can be done by projecting all the comers from top and 

front views. 

Fig. 59. ' This is a drawing of a triangular prism of the dimensions shown, 
and can be drawn from instructions already given. 

Fig. 60. This is a drawing of a cube of the dimensions given, and if the 
others on the plate are understood there will be no difficulty in drawing it. A 
thorough knowledge of these principles is something that no draughtsman can 
afford to be without ; therefore it is hoped that the pupil will give this plate 
undivided attention and study. 



46 



Plate 18. 

Fig* 01. When the axes of cones, cylinders, pyramids, and prisms are 
parallel, choose auxiliary planes perpendicular to the axes. 

Fi^. 02. When the axes of cone and cylinder are oblique to each other, 
choose auxiliary planes passing through the apex of the cone and parallel to the 
axis of the cylinder. When the axfes of two cones are perpendicular or oblique to 
each other, choose auxiliary planes passing through a line which contains the apex 
of each cone. 

Fig. 03. This drawing differs from Fig. 54, plate 17, only in being a 
cylinder, and will give the pupil an opportunity to unfold his ingenuity. 

Pig. 04. This drawing differs from Fig. 54, only in being a hexagonal 
prism, and should be drawn without any difficulty whatever. 
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Hate 19. 

Fig. 65. This is a drawing and development of a hexagonsil pyramid, the 
base of which is parallel with the horizontal plane. It is intersected by a square 
prism, the axis of which is parallel with the front vertical plane of projection, and 

is ^V of ^^ i^^^ ^^ ^^^ ^^^^ of ^^^ ^^^ of the pyramid, and makes an angle of 30^ 
with the horizontal plane. 

After the plan and front elevation have been drawn in full, proceed to determine 
the intersections of the two solids. This may be done in the following manner : 
Produce the right and left comers of the pyramid in the plan until they intersect 
the ends of the prism as shown at a^, tf*, c**, d**, then project from these intersections 
to the prism in the front elevation as at a', b"", C, d^. A trace from a"", to C, will 
give the point of intersection in the right hand corner of the pyramid as seen at g', 
and a trace from b"", to d', will give the point c', in the right hand corner of the 
pyramid, and T in the left hand comer of the pyramid. These points projected 
back to the same comers in the plan will give the points g^, e^, and f". If the two 
rear comers of the pyramid be produced until they intersect the rear comer of the 
prism a***" b", in the points c'''', d****, these intersections should be projected to the 
comer a""' b^'', in the front elevation. The points where the same corners of the 
pyramid intersects the corners e*"* g*'*', and f**" h^**, of the prism should be projected 
to the corresponding comers in the front elevation. Also project the intersection of 
the right hand front comer of the pyramid with the front comer of the prism, to 
the corresponding comer in the front elevation. All of these points connected as 
shown by the traces in the front elevation, will give the points of intersection of 
the comers of the pyramid with the prism, and these points projected back to the 
corresponding comers in the plan will give the points there. 

From the explanation already given, in connection with the traces for the re- 
maining points it would seem that there should be no difficulty in completing the 
intersection of these two solids. 

To draw the development. With the length of the right hand comer of the 
pyramid in the front elevation as a radius draw an arc of a circle, then with the 
length of one side of the base taken from the plan, lay it off six times on the arc of 
a circle already drawn ; connect these points with straight lines, also from the same 
points draw lines to the apex. Project the intersections of each corner of the 
pyramid in the front elevation to the right hand corner of the pyramid, and the 
distance from these projections to the apex will be the distance to lay off on the 
corresponding comers in the development. This having been done, the next thing 
in order is to locate the points where the comers of the prism intersect the pyramid. 
This may be done as follows : From the apex in the plan draw traces through the 
points where the comers of the prism intersect the pyramid until they intersect the 
base as shown at a, b, c, d, e. The distance that each one of these points a, b, c, 
d, e, is from the adjoining comer of the pyramid should be laid off in the develop- 
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ment, and the traces drawn as shown. The points of intersectioa of the comers of 
the prism with the pyramid, will fall oD these auxiliary traces, and may be located in 
the following manner. The point where the top comer of the prism intersects the 
pyramid on the left should be projected to either outside comer of the pjrramid in 
the front elevation ; then the distance from this projection to the apex should be 
laid off from the apex in the development ou one of the comers of the pyramid 
between which is the trace from the apex to a and where a line drawn from this 
Plate 19. 



point, and parallel with the base intersects the trace from the apex to a, will be the 
point sought. 

By making projections from the remaining intersections of the comers of the 
prism with the pyramid and treating them in the manner already described, the 
remaining points in the development will be located, except the points h, and h. 
The length of g h, in the development is equal to g h, in the plan, and h h, is 
equal to v v. 



Plate 20. 

Fi^. 00. If a circle is rolled on the outside of another circle, a point on its 
circumference will trace a curve which is called an epicycloid. If a circle is rolled 
on the inside of another circle, a point on its circumference will trace a curve which 
is called a h3rpocycloid. To describe these curves, draw the large circle as shown and 
a horizontal and vertical center line. Then, setting the spacing dividers to any dis- 
tance, say f^ of an inch, step this distance on the large circle, starting at the inter- 
section of the vertical center line with the circumference, and step both ways. Be 
careful not to change the distance of the dividers. From the center of the large 
circle, draw the paths of the center of the small circles as a b c d. From the points 
laid off on the large circle draw radial lines as shown, and from where they intersect 
the path of the centers of the small circles as centers, and with radius equal to Ihe 
radius of the small circles, draw arcs as shown. Now with the dividers at the same 
distance, step back on each arc from the points on the large circle as many times as 
the point numbers from the vertical center line. Then through the last points 
thus found draw the curve. 

If a cord is kept taut while it is unwound from a cylinder, a point at its end 
will trace a curve which is called an involute. To describe an involute : With the 
spacing dividers set at about ^^ of an inch, step this distance on the large circle as 
shown. Be careful not to change the distance of the dividers. From these points 
draw radial lines and a perpendicular to each of these lines tangent to the points 
on the large circle. With the dividers at the same distance, step back on each 
tangent as many times as it is from the verticaP center line. Through the last 
points thus found on each tangent, draw the curve. 

Fig. 07. If a circle is rolled on a straight line, a point on its circumference 
will trace a curve which is called a cycloid. To describe the curve draw the 
straight line h h and lay off spaces the same as in Fig. 66. Through these points 
draw perpendiculars. A straight line through the center of the circle will be the 
path of the center. The intersection of this path with the perpendiculars will be 
centers from which to draw arcs with a radius equal to the radius of the circle. 
With the dividers at the same distance, step back on these arcs as many times as the 
arc is from a' a*. Through the last points on each arc thus found draw the curve. 

These circles which we have been rolling are called generating circles, and are 
used to generate the curves of gear teeth. In good practice they are 1.9098 times 
the circular pitch in diameter, which is the length of an arc of the pitch circle from 
the center of one tooth to the center of the next tooth. 
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Plate 21. 

CONVENTIONAL SCREW THREADS. 

The bolt at the top of this plate is a drawing of a U. S. Standard bolt and nut, 

with the conventional thread. The sides of the thread known as the U. S. S. make 

an angle of 60^ with each other, with a flat at the top and bottom of the thread eqnal 

to }i of the pitch, and have a depth equal to .65 of the pitch. The pitch of a screw 

is that distance which it travels through the nut in one revolution. To lay out and 

draw this thread : First, draw the bolt in full (referring to table No. 5 for all 

dimensions not shown on the drawing) and lay ofF the depth of the thread and bisect 

it and draw what may be termed a pitch line as shown in the enlarged thread below 

the bolt ; also draw a line at the root or bottom of the thread. Now it remains to 

determine the pitch, which is as follows : This bolt has 3>i threads per inch, and 

3>^ threads are equal to 7 threads in 2 inches, which is equal to f pitch. The pitch 

being determined, lay off 2" on the lower pitch line and divide into 14 equal parts, 

then each.4livision will be equal to one-half of the pitch. Lay off as many more of 

these divisions as may be required for the number of threads on the bolt, and 

project each one of these points to the pitch line at the top of the bolt. Now with 

the 30** X 60° triangle with the shortest side to the T square, draw lines through 

alternate points on the lower pitch line, then in the opposite direction through the 

remaining points. The distance between the lines where they intersect the outside 

and root lines will be the width of the flat at top and bottom, which will be ^ of the 

pitch. Draw the top side in like manner, care being taken to have the outside of 

the thread directly opposite the root at the bottom side of the bolt, as shown. 

Having completed this, connect all points at top and bottom with straight lines as 

shown in the plate. 

Hbad and Nut. — The head and nut of the bolt are hexagonal prisms having 

the comers of the outside ends chamfered, or beveled, as shown. 

The curves which are the result of this chamfer, are hyperbolas, formed by the 
sides of the head and nut intersecting a cone having the same axis as the bolt. 

Draw a straight line on each side of the head, at an angle of 45 degrees. 
These lines should be drawn so as to intersect the end of the head in points, which 
have previously been located by drawing horizontal projecting lines tangent to the 
inscribing circle, which is shown in the end view. The nut is drawn in the same 

manner. 

The bolt at the bottom of the plate represents the conventional square thread, 
the depth of which is equal to one-half of the pitch. Draw the outline of this 
screw, and lay off, on the top and bottom lines, divisions equal to one-half of the 
pitch, in this case, >^-inch. Now from the top and bottom side lay off the depth 
of the thread equal to one division, and through these points draw lines which will 
represent the root diameter, also lines through the points in the bottom side of the 
bolt, from the outside to the root both top and bottom. These lines will represent 
sides of the threads on the central plane and must be perpendicular to the axis of 
the bolt. Then connect each point in the top and bottom sides of the screw by 
straight lines, the first one at an inclination toward the left equal to one division, 
and draw all others parallel to this one. They represent the outside of the threads. 
Then at the same inclination in the opposite direction, draw the short lines on the 
left of the thread at the top, and on the right of the thread at the bottom, which 
will be an outline of a portion of the thread on the underside of the bolt. Now 
from where the lines forming the sides of the thread on the central plane intersect 
the lines forming the root diameter, draw lines to represent the root of the thread 
as shown. These are only drawn to the axis, because from this point on they 
could not be seen, and if drawn would be dotted, which is not desirable. 
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tCME teiEW THRUD. 

degree screw thread, is 
known square thread, 
greater strength and 
superseding the latter, 
tion of 145^ degrees, 
angle, 29 degrees. The 
depth of the square 
inch, which is added for 
A. The width of the 
screw or tap thread 



— The "ACME" or 29- 
superior to the wetl- 
and on account of its 
durability, is rapidly 
Each side has an inclioa- 
which makes the included 
depth is the same as the 
thread, except .01 of an 
clearance. See C, Fig- 
point of tool for cutting 



Xumber of threads per inch 
Width of point of screw or nut thread 



^3707 . 

Number of threads per inch 



Depth of thread of screw or nut - 



Number of threads per inch 
Diameter of screw at root of thread =Diameter of screw 



\ Number of threads per inch * / 

Pitch diameter=Dianieter of screw — ( .^t;^ — -,- :- ; , . -^ ) 

\ Number of threads per inch / 

Draw the outline of this screw, and the pitch diameter as shown in Fig. A. 

Now, lay off on the pitch lines, the pitch, also the thickness of the threads equal to 

one-half of the pitch. Prom this point on, the work is similar to the United 

States Standard Thread and should be finished without any further instructions. 

'~ 4 X number of threads per inch ~ ' 



Plate 22. 

THE HELIX. 

If we suppose that the line a b is parallel to the axis of the cylinder, and a 
point moving along the line from a to b at a uniform velocity, while the cylinder 
makes one revolution about its axis at a uniform velocity, the point, if touching the 
cylinder, will trace a curve known as a helix. The distance a b will be what is 
termed the pitch of the helix. The pitch of a screw is equal to the axial distance 
through which the generating point travels in one revolution of the cylinder, both 
moving at uniform velocities. The helix may be drawn as follows : Draw a 
cylinder 4 inches in diameter, and 4 inches long, and divide the circumference of 
the cylinder in the top view into 12 equal parts, subdividing 4 of these into 3 equal 
parts as shown. Also divide the length of the cylinder into the same number of 
equal parts, and subdivide as is clearly shown in the plate. This may be done by 
drawing the straight line b h perpendicular to the axis of the cylinder, and in 
length equal to the circumference, laying off the distance at the top view on b h, 
and from each point drawing perpendiculars as shown. Also draw h a, which will 
be the development of the helix. Then by projecting the intersection of the 
perpendiculars with h a, as shown in the plate, the length of the cylinder will be 
properly divided. These traces intersected by projections from the top view, will 
locate the points through which to draw the helix a d b. The inner circle in the 
top view represents what is termed the **root cylinder' ' of a screw thread, the helix 
of which is drawn in the same manner as the above. From the projections in 
connection with the numbers there should be no difficulty in making this drawing. 
The angles shown in the plate are the angles which a tangent to the helices makes 
with the plane. of the base of the pitch cylinders. The co- tangent of the angle is 
equal to the circumference of the cylinder divided by the pitch. The drawing of a 
quadruple square thread screw to the right of the top view gives the application of 
the helix to the screw thread. 

This being a quadruple screw, means that the pitch is divided into four equal 
parts, each part being equal to one thread and one space, and is termed ''individual 
pitch,*' and as the pitch of the helix is 4 inches, the individual pitch will be i-inch. 
Make the thickness of the thread, the width of the space, and the depth, each equal 
to one-half of the individual pitch. 

Then from a piece of thin wood make a curve to fit the helices from a to d and 
from c c, and with these draw the helices of the screw as clearly shown. This 
being a quadruple screw a thread at the top will be opposite a thread at the bottom. 

Lay out and draw the nut with the same curves. 

In drawing the helices of a screw it is well to use a bow pen to draw a small 
portion at the point of tangency, as at g. 

The drawing at the lower side of the plate is to illustrate the method of drawing 
the thread usually used for a worm to work with a worm gear. The helices for 
this thread are determined in the same manner as explained above. To draw this 
thread, draw the outside, the pitch and root cylinders as shown at the right, and the 
outside, the pitch and root diameters in the front view. Then lay off on the pitch 
lines the pitch and thickness of the teeth equal to one- half of the pitch, and through 
these points draw the sides of all the teeth as shown in the section and the dotted 
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oatline at the bottom side. From the points where the sides of the teeth intersect 
the outside, the pitch and root cylinders, draw the outside, the pitch and root helices, 
then straight lines tangent to these helices, will be the visible contour of the thread 
iu the finished drawing, instead of the straight lines drawn first through the pitch- 
points in the central plane. By referring to the view marked H, it will be noticed 
that these tangents at the right of the thread at the top extend to the point of 
tangency as at v, and only to the root on the left ; at the bottom this will be 
reversed, as at h. 

After the tool to cut this thread has been filed to the proper angle, file off the 
end of the tool until a gauge, as at a — which has a width equal to one-half of the 
pitch and a depth equal to .35 of the pitch — will touch the end and sides of the tool 
PUt« 2S. 
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at the same time. It will theu be the correct shape to form the thread, if the top 
side of the tool is in the same plane as the axis of the screw. When the thread is 
finished a gauge as at b should touch the top and sides of the thread at the satne. 
time. This gauge has a width equal to one-half of the pitch, with a depth equal to 
.3 of the pitdi. 

It is sometimes desirable to have parts of drawings representing curved 
surfaces shaded by drawing, straight or curved Hues, parallel to each other. 

Id shading external surfaces, the lines should gradually increase, and the 
q>aces decrease in width as they recede from the center line of the drawing, and 
I for internal surfaces. 
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Plate 22 A. 

Sine of angle G A C = pr^ 

G B = G A X sine of angle G A C 

A B 
Cosine of angle G A C = prr 

(3- A 

A B = G Ax cosine of angle G A C 

G B 
Tangent of angle G A C = ^^ 

A U 

H C = A C X tangent of angle G A C 

A B 

— Cotangent of angle G A C = -p^^ 

A C =^ H C X cotangent of angle G A C 

A C 
Secant of angle G A C = ^-^ 

A C 
Cosecant of angle G A C = pr« 

C i G, an arc of a circle. 

A C, radius of a circle. 

C G A, a sector. 

A B, or B G, cosine of angle G A C. 

G B, sine of angle G A C. 

B C, versed sine of angle G A C. 

C H, tangent of angle G A C. 

D P, cotangent of angle G A C. 

A H, secant of angle G A C. 

A P, cosecant of angle G A C. 

CIRCLB is a plain figure bounded by a curved line, or according to Locke's defini- 
tion, "a line continued till it ends where it began, having all its parts equi- 
distant from a common center. ' ' 

The bounding line is called the circumference or periphery. 

ARC is any part of the circumference of a circle. 

CHORD is a right line joining the extremities of an arc. 

SEGMENT OP A CIRCLE is any part bounded by an arc and its chord. 

RADIUS Op A CIRCLE is a line drawn from the center of a circle to the 
circumference. 

SECTOR is any part of a circle bounded by an arc and its two radii. 

SEMI-CIRCLE is half a circle. 

QUADRANT is a quarter of a circle. 

SECANT is a line running from the center of a circle to extremity of tangent of arc. 

COSECANT is secant of complement of arc. 

SINE is a line running from one extremity of an arc perpendicular to a diameter 
passing through the other extremity. 

VERSED SINE is that part of the diameter intercepted between sine and ate. 
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COSINE is that part of the diameter intercepted between sine and center. 
TANGENT is a right line that touches a circle without cutting it. 
COTANGENT is tangent of complement of arc. 
THE CIRCUMFERENCE OF A CIRCLE is supposed to be divided into 360 equal 

parts, termed degrees ; each degree into 60 minutes and each minute into 60 

seconds. 
COMPILE MEMT OF AN ANGLE is what remains after subtracting angle from 

90 degrees. 

Plate 22 A. 




SUPPLEMENT OF ANGLE is what remains after subtracting angle from 180 
degrees. 

PLANE. — A plane is a surface without curvature, or according to Euclid, **it is 
such a surface that if any two points whatever in it be joined by a straight Une, 
the whole of the straight line will be in the same surface. In conic sections, 
and all solid bodies, it signifies an imaginary surface supposed to cut and pass 
through them. In fact, the whole doctrine of conic sections is based on this 
foundation. 
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Plate 23. 

SFUR-OEARINO. 

When motion is transmit!^ from one shaft to another, the axes of which are 
parallel, toothed gears are used, the pitch surfaces of which are imaginary 
cylinders. Let two perfect cylinders be keyed fast on shafts whose axes are parallel 
and such a distance apart that the cylinders are in contact. Then if one cylinder 
revolves the other will revolve also, and if there is no slipping the two cylinders 
will have equal velocities at the point of contact. On these cylinders is laid off the 
pitch, which is the distance from the centre of one tooth to the centre of the next, 
measured along the pitch-circle. It is termed circular pitch. The addendum is 
generally .3 of the circular pitch, and the space below .35 of the circular pitch, 
making a total depth of .65 of the circular pitch. The diameter of the pitch-circle 
is equal to the number of teeth multiplied by the pitch, and this product by .3183. 
Then pitch diameter = number of teeth X pitch X .3183. Outside diameter equals 
pitch diameter plus .6 of the pitch, and the root diameter equals pitch diameter 
minus. 7 of the pitch. The radii of these circles are equal to the diameters divided 
by 2. 

Diametral Fitoh. — If a gear has 48 teeth and 6 inches pitch diameter, it is 8 

pitch. That is, for each inch of the pitch diameter there are 8 teeth in the circum- 

- — , ^, , number of teeth 

ferenoe. Then Pitch = -ix-r 1— and 

pitch diameter 

-^^ - J. ^ number of teeth 

Pitch diameter = r-, 

pitch 

Number of teeth = pitch diameter X pitch 
The addendum = 



Then whole diameter 



~ diametral pitch 
number of teeth + 2 
diametral pitch 
2.15708 



Whole depth of the teeth = 3. . , . , 

diametral pitch 

48 
Pitch = 8. Number of teeth=48, then -^ =^6 inches pitch diameter. 

And ^==8 pitch. 

4.8 -f- 2 
And outside diameter = - — -^-— = 65^ inches. 

8 

Involute Ghearing. — Compute the diameters as explained for circular pitch, 

and lay off on the pitch-circles of the gear and pinion the pitch, also the thickness 

of the teeth equal to one-half of the circular pitch. Then draw through c a straight 

line making an angle of 14^^° with the centre line, and perpendicular to this line 

draw the line of action through the pitch-point p. The intersections of these two 

lines will locate the point b. With c as a centre and radius c b draw base circle as 

shown, and divide b p into say five equal parts. Then starting at b, lay these same 

parts off on the base circle toward the left. The last point will fall a little to the 

left of the centre line. Also mark off four or five times from b toward the right. 

I^ay the dividers down carefully so that their distance will not be changed. From 

these points draw radial lines and perpendicular to each of these, tangent to the 
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points on the base circle. With the dividers, which have not been changed, step 
t>ack on each tangent as many times as it numbers from p. Through the last point 
on each tangent thus found draw the involute, which does not extend below the base 
drcle. Find by trial, centres from which face and fiank-curves can be drawn, then 
through these centres draw circles : which will be circles of centres from which all 
the curves may be drawn with the same radius. The flanks below the base circle 
will be radial lines. The radius for the fillet is equal to the product of the constant 
number for 30 teeth in column No. 5, table No, 3, multiplied by the pitch. The 
involute for the pinion is drawn in the same manner. The flanks of the teeth are 
drawn from the base circle tangent to the circle at the centre, the radius of which 
Plat«S3. 



INVOLUTE GEARING. 
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is equal to the product of the constant number for la teeth, column 4, table No. 3, 
multiplied by the pitch. Draw a few teeth of the pinion in gear with the gear as 
shown at the left hand corner at the bottom. Also the line of action as shown by 
the heavy lines. The straight line g h represents the flexible cord, which being 
unwound from the base circles, generates the involutes. This line is also the path 
of contact of the teeth, that is the teeth are in contact with each other along this 
straight line. The rack is a gear with an infinite number of teeth ; the involutes 
of the flanks are straight lines through the pitch-points, perpendicular to the line of 
action, that is 14^^° in opposite directions. The faces of the teeth are drawn with 
a radius equal to the product of the pitch and the constant number for 150 teeth, 
column 2, table No. 3, laid off from the pitch-point p on the line of action produced. 



Plate 24. 

AFFBOXIMATE INVOLUTE TEETH. 

Compute the pitch, the outside and root diameters of the gear and pinion as 
explained in plate 23, and draw the line of action at i4>^^, which may be done as 
follows : b c is equal to the cosine of i^j4^t and p b is equal to the sine of 14>^^. 
As .96815. = cosine of i4>^° and .25038 = sine of i4>^°, p c X .96815 = b c, 
and p c X .^5038 = p b. This is for i^}4^ only. For 20'' it will be p c X .93969 
= b c, and p c X .34202 = p b, and this can only be used for ao°. The angle of 
action being drawn, lay off the pitch, and thickness of teeth equal to one-half of 
the pitch. The gear has 30 teeth and is 2 inches pitch : find in table 3, column 2, 
opposite 30 teeth, the constant number, 1.4079, which, multiplied by the pitch, will 
give the radius with which to draw the face of the teeth. This radius must be laid 
off on the line of action from the pitch-point p toward g"" and will give the centre 
from which to draw the face of the teeth, as p v. Through this centre draw a 
circle which will be a circle of centres from which to draw the remainder of the 
teeth. Find in table 3, column 3, opposite 30 teeth, the constant number .990, 
which, multiplied by the pitch, will give the radius for the flanks of the teeth from 
the pitch-circle to the base circle. This laid off on the line of action from the 
pitch-point p toward b will give the centre from which to draw the flanks. Then a 
circle through this centre will be a circle of centres from which to draw the 
remainder of the teeth. The teeth of the pinion are drawn in the same manner, as 
the gear. By referring to the table and taking the constant number opposite the 
number of the teeth desired, a gear having any number of teeth may be drawn, 
the teeth of which will be as accurate as the average teeth in actual practice. The 
rack teeth are drawn in the same manner as in plate 23. The object in rounding 
the face of the rack teeth is to make them interchangeable with a 12-tooth pinion. 
The space between the teeth of a 12-tooth pinion below the base circle is almost 
parallel, being just a trifle wider at the base circle than at the root circle. This is 
done to facilitate matters in cutting the teeth, and also adds some strength to the 
teeth. If the flanks below the base circle were made so that the rack teeth would 
work without rounding the face, (which should not be done), then the space 
between the pinion teeth would be wider at the root than at the base circle, which 
would complicate matters in cutting the teeth and also weaken the teeth. Drawing 
the teeth as they are, not only necessitates the rounding of the faces of rack teeth 
but all gears of 150 teeth and over must be drawn with the radius for 150 teeth. 
By increasing the angle of action to 20° or more this is overcome, allowing all the 
gear teeth to be true involutes, and the sides of the rack teeth straight lines, as 
they should be, but for the reason already explained. 
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INVOLUTE GEARING. 




^ch line. 



Plate 25. i 

! 

CTCLOIDAL GEAR TEETH. 

As already explained in plate 20, if a circle rolls on the outside of a circle, a 
fixed point on its circumference will generate an epicycloid, which being on the out- 
side of the circle will be the curve which must be used for the faces of the teeth. 
If a circle rolls on the inside of a circle, a fixed point on its circumference will 
generate a hypocycloid, which, being on the inside of the circle, will be the curve 
which must be used for the flanks of the teeth. And if a circle rolls on a straight 
line, a fixed point on its circumference will generate a cycloid, which will be the 
curve for the face and flank of the rack teeth. Compute and draw the pitch, the 
outside and root circles for a pinion having 1 2 teeth and a gear having 30 teeth 
ij4 inches pitch, also the pitch the outside and root lines for the racks as shown in 
the plate. Then draw the generating circles tangent to the pitch-circles at the 
pitch-points p and p, and, using the pitch-point p as the fixed point on the generat- 
ing circles, generate the curves as explained in plate 20. 

The diameters of the generating circles are equal to half the pitch diameter of 
the pinion, which will make them equal to 1.9098 times the pitch Then the diame- 
ter of the generating circle for a gear of any pitch, is equal to 1.9098 X pitch. 
The curves for the rack teeth are generated in the same manner as the cycloid in 
plate 20. All the curves being generated, lay off the pitch, and the thickness of 
the teeth equal to half the pitch, and find centres to approximate these curves, and 
through these centres draw circles, which will be circles of centres from which to 
draw the curves of the teeth. The path of contact is represented by the heavy arcs 
a p, p b^ that is as the gear roll the teeth are in contact along these arcs. By multi- 
plying the proportional figures in the plate, by the pitch, the different proportions of 
the gear may be obtained. " Thus .625 p means that the thickness of the rim below 
the root circle is equal to .625 X pitch, and the rest in like manner. The width of 
the arms is equal to 1.625 time« the pitch at the pitch-circle, and enlarged toward 
the centre .75 in 12 inches. The thickness of the arms at the pitch-circle is equal 
to .4 of the pitch, and is enlarged toward the centre .75 in 12 inches. A normal 
section of the arms should be an ellipse. The radius of the fillets at the root of the 
teeth may be equal to .05 of the pitch. 
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Plate 26. 

BEVEL OEABINO. 

It will be readily understood from what has already been said about spur- 
gearing that when motion is transmitted from one shaft to another by such gearing, 
the shafts must be parallel to each other. When shafts are so situated that the 
axes of the shafts are in the same plane and at right angles to each other, they will, 
if produced, intersect each other. Motion is transmitted by gears whose pitch 
surfaces are cones, instead of cylinders. They are known as bevel gears, if the 
cones are unequal ; and as mitre gears, if the cones are equal. To draw the bevel 
gear : First draw the a^es at right angles to each other ; and lay off from the 
intersection of the axes at o on the axis of the pinion the pitch-radius of the gear, 
as o b ; and the pitch-radius of the pinion on the axis of the gear, as o h. Now 
draw lines through b and h until they intersect in g and make b b^ equal to b g ; 
ialso h h' equal to h g. Then g b' will be the pitch diameter of the pinion ; and 
'g h' the pitch diameter of the gear. From the points g b"" and h' draw lines to the 
point o. The angle g o h is the centre angle of the gear ; and gob the centre 
angle of the pinion. These angles may be found as follows : When the shafts are 
at right angles to each other only, divide the number of teeth in gear by the 
number of teeth in pinion, which will give the tangent of the centre angle of gear. 
This angle, subtracted from 90°, will give the centre angle of the pinion. Now 
through the points g b* and h' draw lines perpendicular to g o, b"" o and h' o, and 
produce them until they intersect the ax:is as at o' and g^. These lines will 
represent the normal cones to the pitch cones o h"" g and o g b'. Lay off on these 
perpendiculars as shown at h"" the addendum, and depth below — which is the same as 
in spur^gearing — and from these points draw lines to o. Then lay off the length of 
the teeth, 2 inches, and draw lines through these points parallel with the lines 
forming the outside end of the teeth. If these normal cones be developed, the base 
of each one will be an arc of a circle. The centre of one is o' and radius o^ g ; 
and of the other the centre is g"" and radius g'' g. Now produce o g as to h**, and 
from o"^ and g^ draw lines parallel to o g h". Then at any convenient distance draw 
c c"" parallel to o* g\ It is here we develop the outline of the teeth. Draw the 
line of action at an angle of 20°. Now with c as a centre and radius c p draw arc 
of pitch-circle, and with the same centre and radii found in the same manner as c p 
draw addendum and root circles. The pinion is treated in like manner. I^ay off 
the pitch and thickness of teeth and proceed exactly the same as for spur-gearing, 
with the exception of one thing, which is the number of teeth from which to select 
the tabular number for the faces and flanks of the teeth, h g is the true pitch- 
radius of this gear having 18 teeth of i" pitch ; but the teeth are laid out on an 
arc of a circle of a much larger radius, which is c p. Then a gear of radius c p 
will contain i" pitch more than 18 times. Therefore, we must select a tabular 
number for a gear of a greater number of teeth than 18. And also a cutter to cut 
the gear for a greater number than i8. This is determined as follows : Multiply 
c p by 6.28 and divide by circular pitch, then we have : 

Number of teeth = -^- - — r~ 

circular pitch 

Use tabular number in table No. i , 20° line of action and proceed in the same 
manner as for 14^°. The thickness for the small end of the teeth is shown on the 
arc V v, the radius of which is equal to r v. This pitch is also equal to the product 
of the pitch at the large end and the quotient of o g into o v. The teeth at the small 
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end are drawn in the same manner as at the large end. The same tabular numbers 
must be multiplied by the pitch on the arc v v. 

To draw the view at the left : Project from the section of the pinion as indicated, 
and through these points draw the pitch, the outside and the root circles. Next 
lay off the pitch as many times as there are teeth in the pinion ; also the thickness 
of the teeth, equal to one-half the pitch. Now make projection from the small end 
of the teeth in the sectional view, in the same manner as from the large end, which 
will give points through which the pitch, the outside and the root circles of the 
small end will pass. 

PUte 26. 



BEVEL GEARING. 
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To draw the outlines of these teeth : Draw one tooth as at g^, from the follow- 
ing explanation of the enlarged tooth below. Bisect the arc f f* with the radial 
line e' e', and make the distance each side of e' e' on the outside, the pitch and the 
root circles equal to the distance each side of c' c'. Through these points draw the 
outlines a' f* d' ; a" f d'. Then where radial lines through these points intersect 
the circles at the small end of the teeth, will be points through which the outline 
of the small end of the teeth will pass, as indicated on one aide by a f d, and also 
the outside and root of the teeth as a' a and d' d. Find, by triil, centers from 
which area can be drawn through a' f d' and a f d, then circles drawn through 
these centers will give circles of centers from which the remaining teeth can be 
drawn through the pitch-points. All elements of the teeth of bevel gears must run 
to the vertex o, of the pitch cone, whatever may be the angles of the shafts to each 
other. The teeth in the npper half of the pinion are drawn as indicated by the 
projection. 



Plate 27. 

WORM AND WORM-WHEEL. 

This gearing is employed when the shafts cross each other but do not intersect, 
and may be considered as a spur-gear and rack ; that is a section on the central 
plane b b is the same as a rack and spur-gear, having the same pitch and number of 
teeth. Therefore draw the pitch-circle of the gear ; and tangent to it at the pitch- 
point p draw pitch-line which may be considered as the pitch-line of a rack to work 
with the gear. From this pitch-line lay off the pitch diameter of the worm 3.375". 
Draw the outside and root diameter of the gear and worm in the manner instructed 
in plates 22 and 23. Next, draw the line of action as shown, and generate the 
involute in the manner already explained, and divide the pitch-circle into as 
many equal spaces as there are teeth, and lay off the thickness of the teeth equal to 
one-half of the pitch, and draw the outline of the teeth as clearly shown in the 
section. 

It now remains to determine the contour and its limits at the edge or end of the 
teeth, which may be done as follows : From where a h intersects the outside, the 
pitch and the root cylinders of the worm, project to the corresponding helices as 
shown by the dotted outline in the front view. This will give a foreshortened out- 
line of the worm thread space as shown. Produce a h to the axis of the gear as at g^, 
draw a' g parallel to a g^, and project c to c^ ; also the intersection of the outside 
and root cylinder with a h, which will give the limit of the worm thread space 
above and below the pitch-line c c^. Then lay off the outline of the section in the 
same relation to c* g as the outline of the section in the front view is to p d ; this 
will be a parallel view of the worm thread space. Transfer this view to an extra 
piece of paper as shown at p g**, lay off on the pitch-line equal divisions each side 
of p, also the same divisions on the axis of the wheel the same number of times 
each side of g^. With g^ p as a radius and the points on the axis each side of g^ as 
centers, draw arcs tangent to each point on the pitch-line as shown, which will rep- 
resent the pitch-circle in different positions as it rolls on the pitch-line of the worm. 
Then on a piece of tracing cloth draw the pitch-line of the worm and perpendicular 
to it a line equal to p g^, with p g" as a radius, and g^ as a center, draw an arc of the 
pitch-circle through p ; on this arc of the pitch-circle lay off divisions equal to those 
on the drawing. Place the tracing on the drawing so that p and g** on the tracing 
coincides with p g*" on the drawing, fasten with thumb tacks and trace the section, 
remove the tacks and revolve the tracing^ until the pitch -circle on the tracing 
coincides with the next arc of the pitch-circle on the drawing, and the next point 
to p on the tracing coincides with the next point on the pitch-line, fasten with the 
thumb tacks and trace the section again. Repeat this four or five times in each 
direction, then the envelope of these tracings will be the contour of the gear tooth, 
on the parallel plane, as seen in the parallel view at C. Find centers from which 
this outline can be drawn and transfer it from the tracing to the parallel view, in the 
same relation to f g, as it is to p g** on the tracing. By projecting from the sectional 
view as shown at the top, the radii of the circles which limit the curves of the 
teeth at the outside and bottom will be obtained. These circles having been drawn, 
lay off on these circles and the pitch-circle the points through which to draw the left 

68 



outline of a tooth in the same relation to p d as they are to a' g in the parallel view, 
then by making the width at the outside, the pitch, and the bottom equal to the 
width at the corresponding circles in the parallel view, will give the points throtigh 
which to draw the other side of the tooth. Then by drawing these outlines in the 
same relation to all the pitch-points the front side of the teeth are finished. The 
outlines of the rear side are found in the same manner, by first finding an outline 
of the worm thread space on the rear side of the same space. In drawing these 



arcs upon which to place the tracing cloth, the longer they are the better for 
accuracy. This is a very difficult operation, therefore great care should be exercised. 
The outside diameter of the gear may be determined as follows : The radius of 
the root cylinder plus the clearance multiplied by the versed sine of 30°, and this 
product multiplied by 3, then this last product added to what would be the oatsde 
diameter of a spur-gear having the same number of teeth and pitch, will give 
out^de diameter of the worm-gear. Versed sin. of 30° ^ -13397 



Plate ^S. 

When the path of contact, A B, of the teeth of gears is in a straight line, 
which is inclined to the line of centers, the form of the teeth is an involute of a 
circle concentric to the pitch-circle, and has the path of contact for a tangent. 

Draw the pitch-circles of three pairs of 12-tooth gears of 1.5 diametral pitch. 
Lay off the line of action of each pair as shown in the plate. Next, draw the base 
circle of each gear marked K, through the points marked B, and the base circle of 
each gear marked D, through the points marked A. Now, draw the addendum 
circle of each gear marked D, through the points marked B, and the addendum 
circle of each gear marked E, through the points marked A. The addendum of 
the gears in Fig. A, is .3099 of the circular pitch, 2.0944 inches, of the gear in 
Fig. B, .1718 of the circular pitch, 2.0944 inches, of the gear in Fig. C, .3994 of 
the circular pitch, 2.0944 inches. The dedendum in each case is .05 of the circular 
pitch greater than the addendum. 

Let the flexible, but non-elastic, band H F, be secured to the base circles at H 
and F, of each pair of gears. Now, if the gears marked D, be revolved as 
indicated by the arrows, the band will be wound on the gears marked £, and 
unwound from the gears marked D, and at the same time cause the gears marked 
E, to revolve as indicated by the arrows. And, while the gears are revolving, a 
tracing point secured to the band at each point marked A, will move along the line 
A P B, which is tangent to the base circles at the points marked A and B. During 
this movement of the tracing point along the line A P B, it will trace the 
involutes A G and A C. The contact of the teeth begins at A, and ends at B ; and 
as the addendum circles are drawn through A and B, the full length of contact is 
used. The addendum is usually .3 to .31416 of the circular pitch. If the pitch is 

diametral, the addendum is usually =-. — :j — .-- r = .31416 of the circular pitch, 

or a trifle more than .3 of the circular pitch. The figures show contours of the 
teeth at the beginning and ending of contact, also at the pitch-point and other 
intermediate points. Furthermore, the point of contact of each pair of contours 
lies in the straight line A P B. The flank of the driving tooth acts upon the face 
of the driven tooth during the first part of the action, from A to P, and the face 
of the driving tooth acts upon the flank of the driven tooth during the last part of 
the action, from P to B. The arcs of the pitch-circles from the pitch-point P, to 
the contours A 6 and A C, are called the arcs of approach, and the arcs from the 
pitch-point P, to the contours J B and I B, are called the arcs of recess. The arc 
from the contour A G, to the contour J B, and the arc from the contour A C, to the 
contour I B, are called the arcs of action ; and that one pair of teeth may not go 
out of gear before another pair comes into gear, these arcs of action should not be 
less than 1.5 times the circular pitch. We have in Fig. B, a drawing of a pair of 
12-tooth gears of 1.5 diametral pitch and an angle of action of 14^ degrees. It 
also shows that the arcs of action are not greater than the circular-pitch ; and as 
has already been stated an addendum of only .1718 of the circular pitch. By in- 
creasing the angle of action to 20 degrees we get an arc of action of a greater 
length, and an addendum of .3099 of the circular pitch, and by going to 23 degrees 
we get an arc of action very near to that which is required, and an addendum 
greater than is required. Assuming 12 teeth to be the least number of teeth in a 
gear, and an addendum of .3 or .31416 of the circular pitch, it can be seen at a 
glance that 20 or 23 degrees is the most advantageous angle of action. Again, if 
we draw a horizontal line through each point marked A, also through each point 
marked B, the distance from P, to where each line intersects the line of centers 
will be the addendum of the rack — which is less than the addendum of the gear. 
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OXAB FOEMUUl. 

C = drcnlar pitch. 
O = outside diameter of geai: 
n = number of teeth in gear, 
p = diametral pitch. 
p^= pitch diameter of gear, 
r = root diameter of gear, 
h = whole depth of teeth, 
t = thickness of tooth at pitdt-drde. 

^ P 

n 
P = 



P 



P' 

n + 2 



O 

It 2 be lidded to die number of teeth of a gear, and the sum be divided by 
the dihtteCral pitth, the quotient will be the outside diameter of the gear. 

P 

if ^.31416 be subtracted from the number of teeth in a gear and the remainder 
be diviA»l by iht (fiaaietral pitch, the quotient wHl be the root diameter. 

^ ^ n — 2.31416 

P 
Tiv^ if 2.3x416 be subtracted from the number of teeth in a gear and the 
remainder be divided by the root diameter, the diametral pitch will be obtained. 

n — 2.31416 

p= — - — 

t = ^^^^ = .5 X drcular pitch 
P 

li =:-?d57_ _ ggg ^ drcular pitch 

^_ 3.i4i6 
P 

P o- 

The cireumferenee of a drde multiplied by .3183 equals diameter of the ciide. 

Th^ drcumfetence of a drde multipled by .1591545 equals radius <rf the dide. 

l( the addendum of a gear tooth is .3 of the drcular pitch, the diametral pitch 
mtfy be obtained by adding 1.88496 to the number of teeth and dividing the sum 
by the otttsMe diameter of the gear. 

n + 1:88496 

Thftn if 1.88496 be added to the number of teeth in a gear, and the sum be 
divided by the diametral pitch, the quotient will be the outside diameter. 

Q n + 1.88496 

P 
If the depth bdow the pitch-drde is .35 of the drcular pitch, the diametral 
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pitch may be obtained by subtracting 2. 199 12 from the number of teeth in the 
gear, and dividing the remainder by the root diameter. 

n — 2. 19912 

p = — i — 

Then if 2. 199 12 be subtracted from the number of teeth in a gear, and the 
remainder be divided by the diametral pitch, the quotient will be the root diameter 
of the gear. 

_ n — 2.19912 

~~ P 

When the addendum of a gear is .3 of the circular pitch, and the whole depth 
of the teeth is .65 of the circular pitch, the whole depth of the tooth may be 
obtained by dividing 2.04204 by the diametral pitch. 

- 2.04204 

n = 

P 

The pupil may ask himself why does 3.1416 divided by the diametral pitch 
give the circular pitch. The diametral pitch as already explained, is a certain 
number of teeth in the circumference of the pitch-diameter, to each inch of the 
pitch-diameter. For example, suppose a gear is 4 pitch, there are 4 teeth in the 
circumference for each inch of the pitch-diameter. If the gear has 4 teeth it is i 
inch pitch- diameter ; if it has 8 teeth it is 2 inches pitch-diameter ; if it has 12 
teeth it is 3 inches pitch-diameter. If a gear is 5 pitch, and has 5 teeth it is i inch 
pitch-diameter ; if it contains 10 teeth it is 2 indies pitch-diameter ; and so on for 
any pitch or number of teeth. 

If the circumference of the pitch-diameter of a gear be divided by the number 
of teeth in the gear the circular pitch will be obtained. Then if a gear is 4 pit<^ 
and contains 4 teeth, the pitch-diameter is i inch, and the circumference is 3.141^ 
inches the circumference of a circle being 3.1416 times the diameter. Again if a 
gear is 4 pitch and contains 24 teeth, the pitch-diameter is 6 inches, and the circum- 
ference is 18.8496 inches, or 3.1416 X 6. 

Then ^-i^ =: iMl?^ 
4 24 

Then j; — ~^^ — ^m = circular pitch 
diametral pitch '^ 

And -; — ' .^ - = diametral pitch, 
arcular pitch '^ 

Plate 29 is an illustration of the above. 

Let us take what may be considered the worst case of a gear, from which we 
want to obtain the diametral pitch, the pitch diameter, the outside diameter, add 
the circtdar pitch. Suppose we have an old gear that has every tooth broken off, 
and nothing remains except the marks where the teeth were. Say there are 40 of 
them, which means there had been 40 teeth in the gear. Measure the root 
diameter, which we find to be 7.537 + inches. We are now ready to obtain the 
diametral pitch, the pitch-diameter, the outside diameter, and the circular pitch. 





n — 2.31416 


y 


7-537 + 


p'= 


n 
P 


0= 


n + 2 
P 


r — 


3-1416 
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Plata 29. 




Plate 30. 

SPIRAL GEARING. 

The spiral gear is unlike the spur-gears in plates 23, 24 and 25 ; because the 
teeth of a spiral gear are not cut in a straight line, but are like a screw, helical. In 
plate 22 we have an example of a quadruple screw of 4-inch pitch. This pitch 
is divided into 4 equal parts, which makes 4 teeth on the end of the screw. There- 
fore, the spiral gear may be considered to be a cylinder having a number of spiral 
grooves of a coarse pitch. If it is required to make a spiral gear of 20 teeth, the 
cylinder must have 20 spirals. There is no great difficulty in drawing the spiral 
gear if it is known how to generate the spiral, heretofore known as a helix. As 
already explained, the pitch of a spiral or helix, is the axial distance through which 
the generating point moves in one revolution of the cylinder. This we will term 
axial pitch. Referring to the plate, it will be noticed that the axial pitch is 9 
inches, and the distance f g, which is supposed to be the thickness of the gear, is 
only 2 inches. 

The problem is to generate that portion of the helix or spiral from e to i. In 
doing this, the divisions between f and g, are the only divisions used ; as the divis- 
ions to the right of f, and to the left of g, are there for illustration. 

This cylinder is 10 inches diameter, and will be considered as the pitch diame- 
ter of a gear. The circumference is divided into 36 equal parts, 10 degrees each. 
We are now ready to determine the width of the spaces between f and g, which 

may be done by the following proportion : 360 : 10 : : 9 : x =r ^"^ = .25~inch, 

300 

which is the width of each space between f and g. This must be done : because 
one division between f and g, must be the same to the axial pitch 
of the spiral, as one division in the circle is to the circumference of the 
circle. And the arc a b v, has the same number of divisions as the distance 
between f and g. And the arc a b v, is the same to the circumference of the circle, 
as the distance between f and g is to 9 inches. 

We are now ready to make this drawing, which may be done as follows : 
Draw the circle, making it 10 inches diameter, which is understood to be the pitch 
diameter of a gear, and divide it into 36 equal parts. Lay off f g equal to 2 inches, 
and divide it into 8 equal parts for the reason already explained. Project the point 
a to e, and all other points between a v, as shown, and draw the spiral from e to i 
through the points located by projection. 

Now put in the divisions to the right of f, and to the left of g, and finish the 
spiral. Make c d=i}( inches, and draw c n parallel to e i. 

In drawing the spiral gear we must consider the normal pitch, the actual pitch 
and the angle which the spiral makes with the axis of the gear, known as the 
spiral angle. To obtain the spiral angle when the axial pitch is given : Divide the 
circumference of the pitch cylinder by the axial pitch, the quotient will be the 
tangent of the angle which the spiral makes with the axis of the gear. 
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The normal circular pitch is measured normal to the spiral, a^ the line c d. and 
is equal to the actual circular pitch multiplied by the cosine of the spiral angle. 
The actual circular pitch is the distance from the center of one tooth to the center 
of the next, measured oq the pitch-circle, as the arc a b, in the same manner as ex- 
plained for plate 23, and is equal to the normal circular pitch divided by the cosine 
of the spiral angle. 

Plate 30. 



SPIRAL GEARING. 
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formal circular pitch 
" Cosine of the spiral angle 
Normal circular pitch=Actual circular pitch multiplied by cosine of spiral 



Actual circular pitch - 



Actual diametral pitch==Norma1 diametral pitch multiplied by cosine of spiral 

rie. 

Normal diametral pitch :: 



Ac tual diametral pitch 
^ Cosine of spiral angle 



Plate 31. 

The curvature of the teeth of a spiral gear is not the same the curvature of 
the teeth of a spur-gear which has the same number of teeth and pitch ; but is the 
same as the curvature of the teeth of a spur-gear of a larger diameter, and a greater 
number of teeth, which have the same pitch as the normal pitch of the spiral gear. 
The number of teeth of the spur-gear, according to Mr. George B. Grant, is found 
in the following manner : 

Actual number of tee th 

Cosine of spiral angle ^ 

Assuming a spiral gear to have 30 teeth, we have -- — - = 85 nearly, 

.7071 »5 

which is near enough for all practical purposes. 

Now, ^ r= 21^ inches, pitch diameter, and ^^H -^ 2 = '^5^ inches, radius of 

pitch diameter. With g as a center, and a radius of lof^ inches, draw the arc j 

k. The addendum is equal to ^^^^ diametral pitch = ^ = ^'^^^ ^^*^ « "* 
a center, and a radius of lof^ + ^ = loji inches, draw the addendum circle. 

The depth of the teeth is equal to =^= 1!,''^^? 1 >. ^ = ^li^ToS^ = .53927. 

^ ^ Normal diametral pitch 4 ^'^^ ' 

With g as a center, and a radius of 10^ — -53927 = 10.336 inches, draw the 
dedendum circle. Lay ofF and draw a few teeth, as shown. Now draw the line g 
v, so as to bisect one of the teeth, as shown. Next, draw n o, perpendicular to g 
v, also, the line a b, at the same angle to n o, as the spiral is to the axis of the 
gear, in this case, 45 degrees. From v, the intersection of these lines, draw an- 
other line perpendicular to a b, and at any convenient point on the line, as at f, as a 
center, and 5.304 inches as a radius, draw an arc of the pitch-circle of the 30-tooth 
gear. 

. V Tx' s. r -^ 1. • 1 Actual number of teeth tjo 

( 1 ) Diameter of pitch-circle = Act ual diametral pitch = rf^ = 5.304. 

(2) The addendum is equal to -^^^-^ diametral pitc h ^ ^ = -^^-mch. 

(3) Whole depth of teeth is equal to ^^= 2>i57o8 ^ 2 ^[5708 ^ 

^ ^ Normal diametral pitch 4 

•53927. Now, draw the addendum and dedendum circles, and make projections as 
indicated. 

Plate 32. 

This drawing shows a pair of spiral gears having respectively 30 and 25 teeth, 
of 4 normal pitch, and 2.828 actual pitch. 

The spiral angle of each gear is 45 degrees. 

The axial pitch of the 30-tooth gear is 33.326 inches, and the 25-tooth gear 
has an axial pitch of 27.772 inches. 

A • 1 -x t. Circumference of pitch-circle ^-  1 r .t. . .t_ 

Axial pitch = Tangent of spiral angle ^^^ ^P'"^ °' '^^ 3c^*°°* «*" » 

right-hand, and of the 25-tooth gear, left-hand. Draw the pitch, addendum and 
dedendum circles to the dimensions shown, and lay off the actual circular pitch and 
thickness of the teeth. See formulas i, 2 and 3. We are now ready to transfer, 
from plate 31, the projected tooth of the 30-tooth gear, to the 30-tooth gear of this 
drawing. Having transferred the tooth, it should be carefully compared with the 
original so as to be sure that the transfer has been accurately made. Being satisfied 
that it is correct, the remaining teeth may be drawn. The work from this point on 
is similar to plate 30, and should be completed without any further instructions. 
The 25-tooth gear is drawn in the same manner. 
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FUtM 31 ud 32. 

PROFILES OF BEAR TEETH. 




SCREW CTJTTINO. 

Rule. — Divide the pitch of the screw to be cut, by the pitch of the lead- 
screw. The lead-screw, is that screw which moves the lathe-carriage along the 
shears of the lathe. The movement of the carriage, per revolution of the work, is 
regulated by gears on the end of the lathe ; these gears are called change gears. 

Suppose it is required to cut a screw of 4 threads per inch with a lead-screw 
having 5 threads per inch. 

Four threads per inch is equal to :|^-inch pitch, and 5 threads per inch is 
equal to ^-inch pitch ; because, in the former case, the distance from the center 
of one thread to the center of the next is \ of an inch, and in the latter case, the 
distance from the center of one thread to the center of the next is ^ of an inch. 

^,11155 gear on the stud 
Then - -^ ~ = - x = 

4*5 4 I 4 gear on the lead-screw. 

As gears are not made with so small a number of teeth, we must raise the fraction 
Jfby multiplying both terms of the fraction by some number, say 10, 

5 10 50 gear on the stud. 

4 10 40 gear on the lead-screw. 

If the thread to be cut is fractional, as 5^ threads per inch ; one inch must be 
divided by 5^ so as to obtain the pitch of the thread, thus, 

I 21 ' 21 4 

5- = — and I -. = I X — 

^4 4 4 21 

of an inch, pitch, and the pitch of the lead-screw is ^-inch pitch, and 

4^ I 4 5 20 gear on the stud. 

21 * 5^^2i I 21 gear on the lead-screw. 

Suppose we are required to cut a screw of i| inches pitch ; heretofore, the pitch of 
the thread has been a part of an inch, in this case, the pitch is greater than an inch, 
that is, we have one thread for every if inches. This pitch, if is equal to ^ or, 8 
threads in 13 inches. V^ divided by the pitch of the lead-screw, equals 

131 13 5 65 gear on the stud. 

8*5 8 I 8 gear on the lead-screw. 

Here, as in a former case, we must raise the fraction by multiplying both terms of 
the fraction by some number, as 

65 3 _ 195 gear on the stud. 
8 3 24 gear on the lead-screw. 

NoTB. — ^The numerator of the fraction always denotes the number of inches, 
and the denominator, the number of threads in that number of inches as ^inch 
pitch is 4 threads in one inch, ^y-inch pitch is 21 threads in 4 inches, ^-inch pitch 
is 16 threads in 5 inches. This is true whatever the pitch. 

Caution. — Do not get a pitch like if-inch pitch, confounded with i| threads 

per inch, as if -inch pitch is y or 8 threads in 13 inches, and i| threads per inch is 

J ^ 8 

I -^ -;^ -: inch pitch or, 13 threads in 8 inches. 

8 13 

So far, we have only considered simple gearing, that is, the gear on the stud 
driving the intermediate gear, and the same intermediate driving the gear on the 
lead-screw. 

When two or more intermediate gears are used, the gearing is said to be 
compound. Assume a screw of one thread in if inches. Now, if equals f-inch 
pitch, and f divided by ^-inch, pitch of the lead-screw thread, equals 

4*541 4 
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The difference between the number of teeth in the large gear and the number of 
teeth in the small gear is too great to permit them being used as simple gearing ; 
i* which makes it necessary to compound them in the following manner : 

is !£^ • -£ L ^ and 7 are the factors of 35, and 2 and 2 are the factors of 4. Now, 

4 ~^ 2 — 2 

^ multiply both terms of the fraction f by some number as - X — = — ^'^^ hoXh 

terms of the fraction ^ by some number as - x ^ = ^ the gears — ^ are equiva- 
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lent to, and will do the same work as V ^^^ ^^ placed on the lathe in the following 
manner : 50 gear on the stud. 

20 first gear on the intermediate stud. 
56 second gear on the intermediate stud. 
16 gear on the lead screw. 
Or, f^ ff may be arranged like this || |^ now the arrangement on the lathe will 
be 56 gear on the stud. 

16 first gear on the intermediate stud. 
50 second gear on the intermediate stud. 
20 gear on the lead screw. 
Threads are quite frequently irregular, as 4f threads in 3I inches. 

d-^-'^and ,5_??. 

V is the length which contains V threads. The length divided by the number of 
threads equale pitch, as 

29 ^ 19 ^ 29 ^ ^ i_i6 

8*4 8 ^ 19 152 ' 

as this is large, it should be reduced to lower terms, which may be done without 

changing its value, as — _L - = -^_inch pitch, which, divided by the pitch of the 

lead-screw will give the required gears. 

Let the pitch of the lead-screw be 4 threads per inch, equals ^inch pitch, then 

29 I 29 4 116. . , 116-^4 = 29 , 4 10 40 

-|-f-- = -sX-=^r- factoring we have —^ _^ ~ _ — then ^ x -- = ^ , 
38 4 38 I 83 * 38—2 — 19 2 10 20 ' 

and — X - ^^ "« . — ^ are the gears. The arrangement on the lathe is : 
19 2 38 20 38 ° ** 

40 gear on the stud. 

20 first gear on the intermediate stud. 

58 second gear on the intermediate stud. 

38 gear on the lead-screw. 
The intermediate stud usually has a sleeve which works freely on the stud, 
with a key which fits the key-seats in the change gears, and thus keeping the two 
intermediate gears, which are put on the sleeve, in the same relation to each other. 
To prove a set of gears, divide the product of the teeth of the driven gears by 
the pitch of the lead-screw, then this quotient divided by the product of the teeth 
in the driving gears will give the number of threads per inch. Or, if there are 
only two gears, then the number of teeth in the gear on the lead-screw may be 
divided by the pitch of the lead-screw, and this quotient divided by the number of 
teeth in the gear on the stud will give the number of threads per inch. 
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Table No. 1. 
20"" IHrE 07 AOnOV, daCtlLAB PITCH. 



Note: — ^This table can be naed only for ao^ line of action, 
nnmbera by circular pitch to obtain the different radii 
For 2o^ line of action • 

Radina of fiioe carve = .34202 X r + (.2125 p). 
Radina of flank cnrve =s •04r25 X p X n* 

r = radina of pitch circle. 

p ^ ctrcnlar pitdi. 

n = nnmber of teeth. 



Multiply tabular 



Cfolvmn No. 1. 
Nou of teeth. 


OoIwdh No. 8. 
Badiuorftoo. 


OolamnNou 8. 
Badhw of flank. 


Badinsofdrde 
afteantn. 


Oolonui No. 6. 
Badioaoffllkl 


12 


86568 


'495 


.3 


.15 


«3 


92 


.53635 


.«5 


.«5 


«4 


.97452 


.5775 


.125 


.125 


«5 


1.02896 


.61875 


Radial 


."5 


16 


1.1034 


.66 


it 


.125 


17 


1. 1378 


.70135 


t< 


.125 


18 


1. 19234 


.7425 


(1 


.125 


90 


1.30114 


4825 


Ctirve 


.1 


22 


I.41004 


.9075 


•1 


.1 


24 


1.5188 


.99 


(1 


.075 


26 


1.6377 


1.0725 


II 


.075 


y> 


i«454 


1-2375 


« 


.05 


40 


2.38978 


1.65 


II 


.0375 


so 


3.934 


2.062 


II 


.0375 


70 


4.0327 


2.887 


II 


.0375 


100 


5-^557 


4.135 


II 


.0375 


150 


8.3773 


6.187 


<« 


.0375 


300 


16.543 


13.375 


I* 


•0375 


Rack 
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Table No. !2. 

90'' UHE OF ACmOH. DIAMETRAL PITCH. 

Note:— This table can be iiaed only for ao^ line of action. Divide tabular nnm- 
bec8 by diametral pitdi to obtain the radii. 



Oolamn Na 1. 
Nouofft«0lh. 


Oolamn No. S. 
KiidiaaorftM. 


Oolnoui No. 3. 
RMliworflMik. 


Oolamn No. 4. 
Radial of cirelo 


Oolamn Nou 6. 
BudiotofiUloi. 


12 


2.7193 


1.5551 


.6283 


.4712 


«3 


2.8902 


1.6845 


.47^2 


.4712 


14 


30614 


I.8142 


•3927 


.3927 


15 


3.2323 


1.9437 


Radial 


.3927 


i6 


3.4664 


2.0734 


ti 


.3927 


«7 


3.5745 


2.2028 


11 


.3927 


i8 


3.7454 


2.3326 


ti 


.3927 


ao 


4.0875 


2.5918 


Curve 


•3141 


22 


4.4296 


2.8510 


!• 


.3141 


24 


4.7714 


3.1100 


11 


.2356 


26 


5.1135 


3.3693 


(1 


.2356 


30 


5.7975 


38877 


If 


.1570 


¥> 


7.5074 


51836 


l« 


.1178 


SO 


9.2174 


6.4779 


il 


.1178 


70 


ia.6377 


9.0697 


l< 


.1178 


100 


«7.7679 


12.9591 


<t 


.1178 


150 


26.3181 


19.4370 


• < 


.1178 


300 


51.9683 


38.8773 


«l 


.1178 


Rack 
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Table No. 8. 



14}^' LINE 07 ACnOV, CIXCULAB PITCH. 



Note:— This table can be tiaed only for 14^^^ line of action. 
ntinibeiB by drcnlar pitch to obtain the diffiszent radii. 
For i^yi^ line of action : 
Radius of face curve = .25038 X r + (.2125 p). 
Radius of flank carve = .033 X p X n. 

r = radius of pitch circle. 

p = circular pitch. 

n = number of teeth. 



Multiply tabular 



Oolamn No. 1 . 
No.oftMlh. 


Colmun Na 2l 
BadiiM of Owe. 


Colomo Na 3. 
Sadiiuoffl«nk. 


Golnmn No. 4. 

Badimofdrdo 

atottatie. 


Colomn No. S. 
Radiator fillet. 


12 


.6906 


.396 


.23125 


•'75 


«3 


.7305 


.429 


.1982 


.1708 


«4 


•7703 


.462 


.1652 


.1666 


i5 


.8102 


•495 


.1321 


.1625 


16 


,8500 


.528 


.0991 


.1583 


17 


.8899 


.561 


.0661 


•1542 


18 


.9297 


•594 


.0330 


.1500 


20 


1.0094 


.660 


Radial 


.1417 


22 


1.0891 


.726 


If 


.1333 


24 


I.1688 


.792 


<« 


.1250 


26 


1.248s 


.858 


«« 


.1167 


30 


14079 


.990 


It 


.1000 


40 


1.8064 


1.320 


Curve 


•0583 


50 


2.2048 


1.650 


(1 


.0500 


70 


3.00x8 


2.310 


II 


.0500 


too 


4.1972 


3.300 


*i 


.0500 


ISO 


6.1896 


4950 


II 


.0500 


300 


6.1896 


9.900 


II 


.0500 


Rack 
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Table No. 4. 

IW LIVE 07 ACnOV, DXAMETRAL FTTOH. 

Note: --This table can be used only for 14 >^^ line of action Divide tabular 
nnmbere by diametral pitch to obtain the radii. 



Oolnmn No. 1. 
Nou of teeth. 


Ooliimn No. % 
RadiiMofflMe. 


Oolnmn No. Z. 
Badiot of flank. 


Ootomii No. 4. 

Badioa ofelrele 

•fteante*. 


Oblamn Na ft. 
Biidiiu4iffill«k 


12 


a. 1696 


1.2441 


.7264 


.54978 


«3 


2.2949 


X.3477 


.6227 


.53658 


14 


2.4200 


1.45x4 


.5i89 


•52339 


«5 


2.5453 


X.5551 


.4151 


5105* 


16 


2.6704 


1.6588 


.3114 


.4973X 


«7 


2.7957 


1.7624 


.2076 


.48443 


18 


2.9207 


1.8661 


.1038 


.47124 


20 


3.17x1 


2.0734 


Rfldsal 


.445x6 


22 


3.4215 


2.2808 


i< 


.41877 


H 


3.6719 


2.4881 


%• 


.39270 


96 


4.0223 


2.6955 


(• 


.36662 


30 


4.4230 


3.1102 


i« 


.31416 


40 


56750 


4.1469 


Cnrve 


.1835 


50 


6.9266 


5.1836 


tt 


.15708 


70 


9.4304 


7.2571 


11 


.15708 


100 


13.X859 


10.3672 


*« 


.15708 


150 


19.4452 


X5-5509 


•1 


.15708 


300 


X9.4452 


31.1018 


(( 


.15708 


Rack 











85 



tRinua mwiTiiM ob v. s. staiisabii bolt ahb 

lUT FUFOBTIOm. 



n 



II 



e are finished siici. Add i' ior nx^h nies instead of i^' 






■S.« 



lu 




3-3-S?¥*S%SS,«3,SSS'S,K'S,S« 


1 


III 


||||||H|f§l|?§||5|| 


1 


« SS'S-lT'SSr^S'RSSiSSS'ftftftSS- 


ill 
IP 


52s,8,K*2ais2as,88s.as5 2 


1 


" n tf) ^mvo r-oo 0>0 - m -n ■^ tn-o r-oo a»0 





•If 






n 



ssts^Hix-est-cx-e 3:s5:»*s-ta;-t:x-l:^-t:s-C 



 d 00 I^O >0 ? C 



; 2 2 »■£ « 2, as 2." 






'ddid JO 

pas )B uq) 

JO do; ;b biq 



ONCI »OM MOO MvO 
CO »OVO 00 O « vO 00 



OnO>-'00»OM«vOO'^_ 
COM TfcOCO'cOCv'^Tl-cO^^ 
COOO ^avrJ-Cv'^»0»0»0 »OvO 



a"" 



mwi-ii-iMmcOcO^tJ- lOvO r^oo Cv O 



ddid JO pa9 )B 

•iq; JO nio; 
_ -;oq HB BKi^ 

JO q;3ayi 



CO cOvO O »-i ^OO « 



8 0>-'00»OM»-ivO0rJ- 
CM Tt-cocOcOO^'^'^cO 



M t^ « t^ CI 



Q »0 



I-* »-i i-H M CM 



CO CO CO CO ^ 
cOcO'^-^uSvd 1^00* O^ 6 



ON ON O 



ON O I-* -^ lOOO On»00 iOQvOvOvOvO t^OO 
CO CO ^ »0 »0 »0 »O00 0\00'-<'-<McOtJ- iOvO 



OOOOOOOOOOO 



'■qoai Jdd uq; 
JO Jdqmn^ 



t^OO 00 

CM ►"! M 



x^xx 



•^•^M M M MOOOOOOOOOOOOOOOOOOOOOO 



'pn^m JO 
SSdOipiqx 



0000 w QncOtJ-O ^OrJ--^ t^vO 

NpqO O\0 •-< cO-^^iOO M CM 

000'-<'-''-<'-<'-'"-'CMCMCM 

666666666666 



t^VO ON O ►H CM Tf\0 

CO -^ »O00 O CM ^VO 
CMCMCMCMCOCOCOCO 



oooooooo 



*B|p 9pi6)no 
IBn^Dv 



lo O »0 O O 
O rf t^ -^ U-) 

^ lOvO 00 O 



:?5 8 

cOvO On 



COOO 



8 



8 



CO »o »o »O00 O 

vO CM « CM 00 »0 

lovo NO vo vo r^ 



OGOO'HiHtHiHCMCMcO'^Tj-io »ovO r^oo on O 



Bip dpisni 
IBn^oy 



O ^ -^ CO Tj-00 O O 

t^vO ON CM CM TfOO HI VQ 
CM CO -^vO 00 O COvO 

O IH IH M 



t^OO t>»00 vO 00 
NO vO rj- CM 

"^ »o O 



ON 



COOO 



_ lO »0 CO CM I 

O rJ-vQ CM 00 < 

lo O O ON o 
CM CM CO CO -^ tj- lovo t^ r>» ON o 



*Bip dpisui 

[BUIIUO^ 



.^ 



I-* t-i IH CM CM 



CO CO -^ -^ »OvO 



t^OO On O 



lO »o *o 

CM t^ W 

vO 00 ►I 

lO vO 00 

vO On CM 



U-) lO »0 
t^ CM t^ 

CO vO 00 
ON O »^ 

»0 ON CM 



M CM CO CO CO ^ 



lO lO »o »o »o »o 

CM t^ CM t^ CM t^ CM 

•H CO vO 00 M CO NO 
cO^»OvO00 OnO hi 

looo HI ^t^Q T^^^ 

^Tt-»0»0»0v0v0v0 



lO »0 iO lO 
t^ CM 

00 



t^ CM t^ 

HI CO VO 00 HI 

CO ^ »0 vO 00 

O CO vO On CM 

r>» r>» r* t^ 00 



in in m in 

CM t^ CM t^ 

CO 
O 



ON CM 



CM t^ 

HI CO 

CO Tj- 
»0 00 



00 00 ON On On 



II II II II II II II II II II II II II il II II II II II II II II II il 

r^ at^^t »Hki eef^ »oH« e-H* aJhr i-** eo|* wsN* t4* a»f* «-+♦ eo(* val^ tS^ et{<4i ^|* cohf ioh*« t-f* •t* •-'h' wH" 
tHJeo Hv e«|(D MJcD e^jv MJe c^co eofio oo|<o ee{io eojco «e^ ^H« ^FD ^4<e ^k ^k *^ '^k •'^ '^ "^ «!« «dKd 



»o »o lo »o »o 

£^ CM t^ ,$J ^ 

00 „ ro vO QO 

W CM CO ^ ^ 



lO *0 lO »0 lO 

C< t^ CM t^ CM 

iM CO vO 00 IH 

rO ON lo •-• 00 



»0 »0 vO ^^ t^ 00 



»0 lO lO 

t>» CM t^ 

CO VO 00 

Tf O VO 



a 



ON 



I 

CD 



CM t^ CM 

VO 00 HI 

lo VO 00 
HI rj- r^ 

GOO 



t^ CM 


t^ 


CM 


t^ 


CO vO 


00 


IH 


CO 


ON 


M 


CO 


Tj- 


O '^ 


t^ 





CO 


IH IH 


IH 


c< 


CM 



JB9 |W ^*|B0 ^^^w w^^ ^^»* • T- *^r» * T" * "T" *^"' " T' ^'^^ 



1! II II il II 

Hs "£ HZ H: H: :12 3; $ 



I 

GO 



»0 o »o Q »0 O »0 
CM lO r^ O CM lO i^ 
IH CM CO »o >o l^ 00 



I 

CD 



CMr^CMr»CMt^CMt^ 

vOOOHicOvOoOHicO 
O HI cOrfiOvOOO ON 



^^^xx"st^ 



II II II II II 

H: Hs >«t: Hi: H2 4s $ $ 



CO 

CO 



»o »o lO 

CM r^ M 

•H rO vO 

CO ON lO 

O O HI 



'Too "^leo 'n» 



88 



aiQABIltMB? 





b890839 16437a 



'^iV booic may be kept 






Q^ 



c — 



I 



r 



